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tributaries were inventoried and their loading contribution estimated.
Emphasis was









transmission to the river mouth was assumed, identified point sources
accounted









generally resulted in only a slight increase in the proportion coming from
non~point sources.
The non—point
or diffuse unit area loading rate varied
widely from year-to-year as would be expected due to annual variations in
total tributary loads.
Two broad categories of Great Lakes tributaries were noted.
Loads
from "event response" tributaries were greatly influenced by runoff events.
However,
loads from "stable response"
tributaries were not as greatly
influenced by runoff events, since concentrations did not usually vary
greatly with flow, and variations
in flow with time tended to be more
moderate.
Event response tributaries
(such as many of the Lake Erie
tributaries) had high annual diffuse unit area loading rates for phosphorus
and suspended solids, while stable response tributaries (such as many found in
the eastern basin of Lake Michigan) had relatively small annual diffuse unit
area loading rates for these parameters.
Although many factors probably
influence tributary response, the texture of surface soils in the watershed
j,
is thought to be very important. Event response tributaries tend to drain
watersheds whose soils have a high proportion of fine grained, clay particles,
while stable response tributaries have watersheds with relatively coarse-
grained, sandy soils.
Importantly, while the estimated loads are believed to be based on the
best available information, they are naturally subject to the limitations of
the data and must be interpreted with these limitations in mind. A major
source of error for the estimated loads of some tributaries is the lack
of representative data over different flow regimes during the annual cycle.
However, if the data are carefully interpreted with the limitations of specific
situations in mind, much useful information can be obtained. Moreover,
the loading information presented should serve as a foundation for expanding





















































































































































































































































































































































































































 6. UnitFlow per unit area of watershed was highest for Lake Ontario.
area flows for the other four Great Lakes were approximately equivalent.
7. Lake Erie received the largest U. S. tributary total phosphorus
and soluble ortho phosphorus loads, while Lake Superior received the smallest.
Suspended solids and nitrogen tributary loads were also highest to Lake Erie.
It appears that Lake Ontario receives the largest chloride tributary load.
Lake Erie again received the largest diffuse loads (total load minus point
source loads) per unit area of watershed.
8. Analysis of loadings during water year 1975 indicated that the Maumee
River, which drains into Lake Erie, contributes about twice as much total
phosphorus to the Great Lakes as the Saginaw River, the next largest
tributary contributor. Other Lake Erie tributaries and the Grand River
in Michigan were also among the highest total phosphorus contributors.
Soluble ortho phosphorus loads followed a similar pattern, with the Grand
River (Michigan), Black-Rocky Complex (Lake Erie), and the Saginaw River
ranking behind the Maumee River as the largest contributors.
9. During water year 1975 the largest suspended solids load from any
tributary was also contributed by the Maumee River. The load from the
Maumee was about twice as great as the next largest contributors, which
included several other Lake Erie tributaries, the Genesee River (Lake
Ontario), and the Ontonagon River (Lake Superior). Excluding Lake Erie
tributaries, for which 1976 data were not available, the Genesee River was
the largest suspended solids contributor to the Great Lakes in water year
1976.
10. The diffuse load, which is defined as the total tributary load
minus the identified point source inputs, includes contributors from both
surface runoff and base flow. Diffuse sources accounted for a large percentage
of the total load for most parameters, assuming 100 percent transmission of
identified point source inputs. During 1975 about 70 percent of the total
phosphorus load and about 60 percent of the soluble ortho phosphorus
tributary load to the Great Lakes was classified as attributable to diffuse
sources. The 1975 water year suspended solids load to the Great Lakes
was attributable almost entirely to diffuse sources. Ammonia nitrogen
loads to the Great Lakes were least affected by diffuse sources, as less
than 50 percent were considered to be derived from diffuse sources. With
the exception of Lake Superior, the total phosphorus diffuse load contri-
buted to each of the Great Lakes was higher in water year 1976 than in water
year 1975, reflecting the general increase in total tributary loads. No
comparison can be made for Lake Erie due to the lack of 1976 data.
11. Since assuming 100 percent delivery of point sources may overestimate
the tributary point source load to the Lakes (at least on a short-term basis),
loading estimates were also derived assuming 50 percent delivery of upstream
point sources and 100 percent delivery of downstream point sources. Generally,
the assumption of 50 percent upstream point source transmission increased the
diffuse load by only a small percentage when compared to the diffuse load
derived under the assumption of 100 percent delivery of both upstream and
 
 downstream sources. However, in some cases, the effect was significant,
increasing the diffuse load by as much as 20 percent. Loading
data had been categorized in a format which facilitates the calculation of
the total diffuse load under a variety of delivery assumptions.
12. As might be expected, diffuse unit area loads calculated for
different watersheds varied widely from basin-to—basin and from year-to—year.
Phosphorus and suspended solids unit area loads varied somewhat analgously,
with estimates highest for the Lake Erie basin, the thumb area of the Lake
Huron basin, and parts of the Lake Ontario basin. A relatively low unit
area load was derived for a major portion of the eastern Lake Michigan basin.
13. Municipal sources accounted for most of the phosphorus point source
load to the Great Lakes. Municipal sources also accounted for most of the
nitrogen and a large part of the chloride load, although all of the industrial
point sources for each of these parameters may not have beenidentified.
Point source inputs of suspended solids to tributaries appear to have little
impact on the total suspended solids tributary load. Several chloride point
sources associated with mining or industrial operations had major impacts on
the chloride load.
14. Analysis of available information indicates that municipal point
sources discharging less than 0.1 mgd (2.83 x 10‘3 m3/s), although numerous
in some areas, do not significantly affect loads, at least on a Lake basin
approach.
15. Under existing flow conditions found for municipal wastewater
treatment plants, discharging into U. S. tributaries ﬂoes not include direct
sources), a reduction of effluent total phosphorus concentrations from
1 mg/K to 0.5 mg/Z would have a relatively minor effect on the total
tributary phosphorus load to the Great Lakes. This is particularly true
for Lake Superior and Lake Huron.
16. Although the relationship between flow and the concentration of
various flow sensitive parameters (e. g., phosphorus or suspended solids)
varies widely among tributaries, two broad groups of tributary responses
were noted. Certain tributaries seem to be greatly influenced by runoff
events. These are referred to as "event response" tributaries. However,
other tributaries are not dominated by runoff events because concentrations
do not vary greatly with flow, and the flow itself tends to be less eratic
(less flashy). These are referred to as "stable response" tributaries.
Event response tributaries, such as many of the Lake Erie U. S. tributaries,
tend to have high annual diffuse unit area loads associated with flow
sensitive parameters, such as phosphorus and suspended solids. On the
other hand, stable response tributaries, such as Lake Michigan's Grand
River and many other Lake Michigan tributaries, tend to have relatively
small annual diffuse unit area loads associated with these parameters.
17. Although there are probably many factors which influence whether
a stream fits either an event response or tributary response classification,
the texture of the soil in the watershed appears to be very important.
Those watersheds with surface soils containing considerable amounts of fine
clay—sized particles tend to contribute significantly higherunit area loads
of flow sensitive substances than watersheds that have more coarse—grained
sandy soils. Streams draining sandy soils generally had more stable chemical
concentrations and flows than streams draining clayey watersheds. The
differences in the chemical and physical characteristics of clay—sized particles
and coarse—grained particles and the infiltration capacity of sandy soils
versus clayey soils are major factors which cause a different loading response.
Detailed information on soil texture characteristics of U. S. Great Lakes
watersheds have been compiled, and further analysis of the effect of soil
texture on tributary loads will be conducted in Subactivity 3-4 of U. S.
Task D (PLUARG).
18. Because of the differences between stable response and event response
tributaries, it is felt that not every stream needs to be sampled routinely
during runoff events for the purpose of calculating loads. By examining
watershed characteristics, including but not limited to surface soil textures,
it may be possible to predict whether an event response or stable response
can be expected. Where possible, however, limited sampling during one or
more runoff events, particularly during the spring, would provide more
definitive informationon whether routine event sampling is necessary to
characterize the annual load. Also, in many streams where concentration
remains fairly stable, sampling over several years on a monthly basis may
produce representative data which can be used to estimate loads in future
years. In other words, for certain rivers a knowledge of the daily flow
over a given year may be all that is necessary to reasonably estimate the
load, assuming no major changes occur in the characteristics of the watershed
or in the point source inputs.
  
 INTRODUCTION
Both Canada and United States define the major activities under Task D
of the Pollution from Land Use Activities ReferenceGroup (PLUARG) as
(1) assessment of shoreline erosion,
(2) survey of river sediments and
associated water quality, and (3) assessment of the effects of river inputs
on Boundary waters.
further define the United States portion of Task D.
In April of 1975, a Plan of Study was developed to
This Plan of Study




Is shore erosion a significant pollutant source to the lake?
What is the tributary loading to the lake that is attributable
to land drainage, including the pollutant loading associated with
river sediments?
How have river inputs derived from land drainage affected the lake?
In order to help answer the second question, Subactivity 2-3 of Task D
was defined as indicated below:
"Based on existing data, a careful estimate of the
tributary output (input to the Great Lakes) of
pollutants, including total suspended solids and
chemical pollutants in particulate and soluble
forms, will be made. In recognition of the importance
of high flow conditions, particularly spring runoff,
to the loading of many substances, the output from
river mouths duringhigh flow and base flow (no surface
runoff) will be considered. Based on estimates of
point source inputs to the tributaries, estimates of the
pollutant output attributable to diffuse sources will
be made. In all cases, estimates of U. S. loading will
be delineated according to individual major watersheds,
the 15 planning subareas, and the 5 lake basins."
This report represents the completion of Subactivity 2-3 of U. S. Task D
by presenting estimations of U. S. tributary loads of selected chemicals







































































































































































































































































































































































































































































































































































































































































































































































































Loadings have been calculated for total phosphorus, soluble ortho
phosphorus, suspended solids, total nitrogen, nitrate (+ nitrite)
nitrogen, ammonia nitrogen, and chloride. Phosphorus, nitrogen, and
suspended solids are all important non—point source pollutants which are
being emphasized in the PLUARG study. Suspended solids are of concern not
only as a non-point source pollutant, but also because toxic trace
substances and nutrients are often associated with suspended material.
Chloride is important because of its conservative nature and the fact that
it can be used as a "tracer" to provide general insight on loadings to the
lakes. Chloride can also be contributed by non—point sources, such as
runoff from urban or residential areas where salt compounds have been
applied for road de—icing purposes.
There are other substances for which it would be useful to have
loading information. For example, detailed annual loads to the Great Lakes
of certain toxic heavy metals, such as cadmium or zinc, would be useful
information. However, there are very little data available on these and
similar substances from which loadings may be calculated. It is likely
that more information will be available in the near future on these
parameters from which Great Lakes loadings can be calculated (loads of
certain toxic substances will likely be estimated or projected as part of
the Great Lakes Basin Plan planning process of the Great Lakes Basin
Commission).
For a discussion of the availability of river mouth data for
a number of parameters that were not discussed in this report, such as
total solids, particle size, silica, total soluble phosphorus, chloride,
manganese, iron, total and dissolved heavy metals, pesticides, and
industrial organics, refer to Hall et a1. (1976).
All loadings were calculated based on existing data and no attempt was
made to determine the quality of the data used.
No determinations were
made, for example, on the adequacy of the analytical techniques used to
generate the data or the quality control employed in the analysis.
Further,
the statistical validity of the data was not critiqued. Since any one
parameter could be determined by a variety of methods, many of which are
operationally defined and not always directly comparable, a certain amount
of judgement was used in determining whether the data found for a certain
tributary were reasonable.
For example, in the case of dissolved reactive
phosphorus, the type of filter paper used may havea bearing on the results
reported.
Soluble phosphorus data obtained using a glass fiber filter
may notcorrelate exactly with data obtained using a 0.45 micron membrane
filter. However, where results from two operationally defined techniques
  
  
define approximately the same form or fraction of a given pollutant,
for the purposes of these loading estimations, they were generally
considered as the same parameter. For the purposes of these river mouth
loading estimates, slight modifications in methodology were not assumed
to have any significant bearing on the results.
There were some problems (although rare) associated with the terminology
used for certain parameters, especially in the case of phosphorus. A
variety of terms have been used for different phosphorus fractions, and it
is sometimes difficult to determine which form of phosphorus is actually
implied. For example, the term "phosphate P" could mean several different
fractions, including total inorganic phosphorus or soluble reactive
phosphorus. In cases such as these, it was sometimes necessary to look at
the analytical methods used to see what form of phosphorus was actually
implied. Again, even if slight differences in techniques were determined to
have occurred, the effect on the loading estimates would generally be
very small, if not undetectable. In order to get a better understanding of
the different types of phosphorus forms and how they are analyzed and thus
operationally defined, the reader is referred to Figure 4 page 25 in
Hall et al. (1976).
Nitrogen data used in the calculations generally caused few problems.
Nitrate nitrogen was often measured in combination with nitrite nitrogen.
Since nitrite is absent or present only in minute quantities in most the
waters due to its instability in the presence of oxygen, no distinction was
made between nitrate loads and nitrate + nitrite loads.
Total nitrogen loads were calculated based on reported total nitrogen
values whenever possible. When total nitrogen was not reported, the sum of
inorganic plus organic nitrogen concentrations or total Kjeldahl nitrogen
plus nitrate (+ nitrite) nitrogen was used.
TOTAL RIVER MOUTH LOAD CALCULATIONS
 
All river mouth loads that were calculated and used in this report are
presented in Appendix A. These loads, calculated for individual tributaries,
serve as the basis for other calculations such as the computation of unit
area loadings.
Data Sources
River mouth loads were calculated using the best available concentration
and flow information. Every effort was madeto utilize all data available
for any given tributary, since the confidence in a loading estimate is
generally improved as the number of data points is increased. Primary
sources of data include State water surveillance programs, U. S. Geological
Survey programs, International Joint Commission PLUARG and Upper Lakes
Reference Group studies, theU. S. Army Corps of Engineers Lake Erie
Wastewater Management Study, and other work done by universities and
special State or Federal projects.
10
  
 In general, data on the seven parameters considered were available on
all major U. S. Great Lakes tirbutaries. Appendix A indicates the number
of flow and concentration data pairs that were used in each loading
calculation.
The primary source of daily and mean annual flow information was U. S.
Geological Survey Water Resources Data Reports. Some State surveillance
programs also collected flow data (generally at the time of the sample
collection) which were used where appropriate.
Base Years
All loadings were calculated according to the water year as standardized
by the U. S. Geological Survey. In an effort to make this report as current
as possible and compatible with other PLUARG work, water years 1975
(October 1, l974-September 30, 1975) and 1976 (October 1, 1975-September 30,
1976) were chosen as the base periods for annual load calculations. For
many tributaries the mean annual daily flow during water year 1975 was
similar to the mean annual daily flow for the historical period of record.
Although it would be improper to call water year1975 a "typical" year,
since no year is "typical," water year 1975 does provide a g00d base for
comparison with other years.
Watershed Areas
In this report tributaries and their watersheds have been organized
according to individual tributaries, hydrologic areas, river basin
groups, and lake basins following the procedure used in Subactivity 2-1
of U. S. Task D, PLUARG (Hall et al., 1976). Each of the 72 hydrologic
areas consists of a single major watershed or a complex of small watersheds
draining individual tributaries. Hydrologic areas are grouped into 15
larger river basin groups which contain anywhere from one to eight
hydrologic areas. Each lake basin consists of two or more river basin
groups. A description of the U. S. tributaries, their organization and
maps of their drainage basins have beenpreviously recorded in Hall et a1,
(1976).
Table 1 shows the watershed areas used in this study. Watershed area
measurements were obtained primarily from the Great Lakes Basin Framework
Study, Appendix 1, Alternative Frameworks. Additional drainage area
information, especially for areas containing the smaller rivers, was
obtained from a computerized list of watershed areas compiled for the




DRAINAGE AREA MEASUREMENT (HYDROLOGIC)1
 
LAKE SUPERIOR BASIN
River Basin Group 1.1
1. Superior Slope Complex (Minnesota)
2. Saint Louis River
3. Apostle Island Complex
4. Bad River (Wisconsin)
5. Montreal River Complex




Huron Mountain Complex (Michigan)





































River Basin Group 2.2
1. Chicago—Milwaukee Complex
River Basin Group 2.3
1. Saint Joseph River
Keweenaw Peninsula Complex (Michigan)
. Black River (South Haven) Complex (Michigan)
. Kalamazoo River (Michigan)
2
3
4. Black River (Ottawa Co.) Complex (Michigan)
5
Grand River (Michigan)
River Basin Group 2.4
l. Muskegon River (Michigan)













































































1Area measurements also include small watersheds, streams, and land
areas that drain directly into Basin Lakes.
BaSin Framework StUdy, Appendix 13, Land Use and Management. Does




 Table 1 (Continued)















Seul Choix—Groscap Complex (Michigan)
Manistique River (Michigan)
Bay De Noc Complex (Michigan)
Escanaba River (Michigan)
LAKE HURON BASIN









Les Cheneaux Complex (Michigan)
Cheboygan River (Michigan)
Presque Isle Complex (Michigan)
. Thunder Bay River (Michigan)
Au Sable and Alcona Complex (Michigan)
Rifle-Au Gres Complex (Michigan)




























Swan Creek Complex (Michigan)
. Raisin River








. Toussaint-Portage Complex (Ohio)
Sandusky River (Ohio)
. Huron—Vermilion Complex (Ohio)






























































































DRAINAGE AREA MEASUREMENT (HYDROLOGIC)
  
AREA
1,000 Hectares 1,000 Acres
River BasinGroup 4.4 684 1,690
l. EriedChautauqua Complex 169 418
2. Cattaraugus Creek (New York) 144 355
3. Tonawanda Complex (New York) 371 917
LAKE ONTARIO BASIN 4,577 11,309
River Basin Group 5.1 911 2,250
l. Niagara-Orleans Complex (New York) 269 664
2. Genesee River 642 1,586
River Basin Group 5.2 1,766 4,363
1. Wayne-Cayuga Complex (New York) 177 437
2. Oswego River (New York) 1,316 3,252
3. Salmon Complex (New York) 273 674
River Basin Group 5.3 1:900 4,696
1. Black River (New York) 521 1,289
2. Perch Complex (New York) 126 311
3. Oswagatchie River (New York) 430 1,062
4. Grass—Raquette—St. Regis Complex (New York) 823 2,034
To Convert From To Multiplz BX










Illinois 16 New York 5,146
Indiana 944 Ohio 3,027
Michigan 15,030 Pennsylvania 156
Minnesota 1,591 Wisconsin 4,558
GREAT LAKES TOTAL
30,468
To Convert From To





 Correcting Loads to the River Mouth
Not all chemical stations and flow gaging stations are located at the
river mouth. In order to present a total river mouth load in these
situations, it was necessary to adjust flow and some concentrations to
account for the area below monitoring stations.
In order to adjust flow measurements to the river mouth, gage flow
was multiplied by the ratio of the total drainage area over the gaged
drainage area. For example, if a river drains a total area of 1,000 square
kilometers, but the farthest downstream flow gage is located 15 river
kilometers upstream from the mouth and accounts for only 900 square kilometers,
the gaged flow would be multiplied by 1,000/900 or 1.11 to provide a
corrected flow. All flows used in loading calculations in this report
were corrected in this matter, if not already reported as accounting for the
total watershed drainage area.
In most cases, chemical monitoring stations were located at or very
near the river mouth. Consequently, no concentration adjustments were made,
and it was assumed that concentrations at the mouth were the same as those
measured at the monitoring station. An exception to this procedure occurred
if the monitoring station were above a major impoundment. In these few
cases, the load was calculated at the station above the impoundment, and the
remaining area was considered to be unmonitored and treated in a manner
similar to those streams that have no chemical or flow information on them
(as will be discussed in a later section).
Loads determined by the U. 8. Army Corps of Engineers Lake Erie
Wastewater Management Study (U. S. Army Corps of Engineers, 1975) were
used in determining Lake Erie tributary inputs. These loads were not
corrected for the distance between the gage and the lake. Consequently,
for this study the Corps river loads were extrapolated from the gage to the
river mouth using the area ratio approach for flow outlined above.
Method of Calculating Loadings
Loadings calculated for this report, other than those to Lake Erie,
were done using the ratio estimator method, employing a computer program
developed specifically for applying the calculation method (Clark, 1976).
This method has been widely reviewed and is generally accepted by the Great
Lakes research and surveillance community as the preferred and, importantly,
standard method for calculating tributary loads. Table 2 illustrates a
sample calculation of load using the ratio estimator program.
The ratio estimator method calculates an average daily load at the
river mouth adjusted to some extent for the variability of flow overan
annual cycle. For example, monitoring programs that employ monthly sampling
may miss high flow events. If a mean daily flow were calculated based on
the days sampled, an improper estimate of the total annual load would result.
However, if the mean daily load is adjusted by multiplying it by the ratio
of the mean daily flow for the year over the mean daily sample flow, some




EXAMPLE OF LOAD CALCULATION USING
THE RATIO ESTIMATOR PROGRAM
TRIB: FOX BASIN: MICHIGAN
WATER YEAR: 1975 PARAMETER: TOTAL PHOSPHORUS
 
LOADINGS FLOWS CONCENTRATIONS
kg/day m3sec _g£§ mg/liter
481 39.8 1405.5 0.140
914 105.8 3736.3 0.100
1228 118.4 4181.3 0.120
562 50.0 1765.7 0.130
838 97.0 3425.5 0.100
795 115.0 4061.2 0.080
1692 178.0 6286.0 0.110
1547 199.0 7027.6 0.090
2955 171.0 6038.8 0.200
1854 58.0 2048.2 0.370
626 29.0 1024.1 0.250
847 70.0 2472.0 0.140
MEAN SAMPLE FLOW = 102.58 m3/sec
MEAN SAMPLE LDG = 1194.9 kg/day
MEAN ANNUAL FLOW = 118.393 m3/sec or 4181 cfs
THE BIASED RATIO ESTIMATE = 1379.1 kg/day
APPROX. UNBIASED RATIO EST. 1369.0 kg/day





RATIO OF MEAN ANNUAL FLOW TO MEAN SAMPLE FLOW IS 1.15
BASED ON VALUES OF 118.39 and 102.58 m3/sec, RESPECTIVELY
EST. MEAN DAILY LOADING IS THEREFORE 1369.0 kg/day
EST. MEAN EFFOR OF THIS EST. IS 168.5 kg
EST. LOADING FOR YEAR = 499698 kg, or 499.7 METRIC TONS
EST. MEAN ERROR FOR THIS TOTAL = 61520 kg or 61.5 METRIC TONS
EST. ARE BASED ON 11 DEGREES 0F FREEDOM
SUM-OF—SQUARES-ERROR = 340906 (kg/d)**2 or 45417 (t/year)**2
ARE THE DATA CORRECT FOR ENTRY TO THE FILE
1
FOX MICH 1 499.7 3784.8 12




ro provide an error statement associated with the calculations based on the
variability of the data, such as a mean square error term. The ratio
estimator method provides such an error estimate.
The following equations summarize how the ratio estimator, as well as
how the mean square error term, is calculated.
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EXAMPLE OF RATIO ESTIMATOR RIVER MOUTH








WATER YEAR: 1975 PARAMETER: SUSPENDED SOLIDS
STRATUM 1 UPPER FLOW CUTOFF = 1000.0000 # DAYS: 342
LOADINGS FLOWS ggNQENTRATIQNS
























































































































































































 TABLE 3 CONTINUED...
EST. MEAN ERROR OF THIS EST. IS 1368.2 kg
EST. ARE BASED ON 26 DEGREES OF FREEDOM.







STRATUM 2 #DAYS: 23
LOADINGS FLOWS CONCENTRATIONS
kg/day m3/sec cfs mg/liter
199308 67.8 2396.0 34.000
5399084 173.1 6113.0 361.000
8345397 173.1 6113.0 558.000
182466 48.0 1695.0 44.000
740314 66.9 2364.0 128.000
140140 101.4 3580.0 16.000
6597989 178.4 6301.0 428.000
2756731 185.5 6551.0 172.000
10959018 332.0 11726.0 382.000
127144 46.0 1624.0 32.000
MEAN SAMPLE FLOW = 137.23 m3/sec
MEAN SAMPLE LDG = 3544755.0 kg/day
MEAN STRATUM FLOW = 156.366 m3/sec or 5522 cfs
THE BIASED RATIO ESTIMATE = 4038986.0 kg/day
APPROX. UNBIASED RATIO EST. 4134327.0 kg/day
CORRECTION FOR BIAS OF EST. 95341.0 kg/day
RATIO OF MEAN STRATUM FLOW TO MEAN SAMPLE FLOW IS 1.14
BASED ON VALUES OF 156.37 and 137.23 m3/sec, RESPECTIVELY
EST. MEAN STRATUM LOADING IS THEREFORE 4134327.0 kg
EST MEAN ERROR OF THIS EST IS 698087.4 kg
EST. ARE BASED ON 9 DEGREES OF FREEDOM.
SUM-OF—SQUARES-ERROR = 4873259057152 (kg/d)**2 or 649239461888, (t/year)**2
SUMMARY FOR THE BAD RIVER
OVER 2 STRATA:
EST. MEAN DAILY LOADING IS THEREFORE 277111.1 kg/day
EST. MEAN ERROR OF THIS EST. IS 44007.7 kg
EST. LOADING FOR YEAR = 101145552 kg, or 101145.5 METRIC TONS
EST.
MEAN ERROR FOR THIS TOTAL = 16062825 kg, or 16062.8 METRIC TONS
EST ARE BASED ON 9.02 EFFECTIVE DEGREES OF F
ARE THE DATA (KRRECT FOR ENTRY TO THE FILE??
1
BAD RIVER SUPE 1

















































































































































































































































































































































































































































































































































































































































































(NPDES) — This system was the basis for much of the information used




































































































































































































































































IJC Great Lakes Regional Office, such as a computerized list of
municipal facilities with design flow and type of treatment,













































































also were used, particularly for point sources affecting the




The Wisconsin Department of Natural Resources' "Water Quality
Management Basin Plan for the Rivers of the Northwest Shore of
Lake Michigan" (1975) provided location of most point sources
in the area as well as limited discharge information for municipal
plants. "Southeast Wisconsin River Basins - A Drainage Basin
Report" (Southeast Wisconsin Regional Planning Commission, 1976)
provided point source information on the southern part of the
state. The "Manitowoc River Basin Report" (Wisconsin Department
of Natural Resources, 1977) was used to obtain information on the
Manitowoc River Basin. The Southeast Wisconsin Regional Basin
Commission kindly provided preliminary informationon municipal
and industrial pointsources identified in their area. Finally,
while some NPDES summaries of Wisconsin were used, complete
and extensive computerized NPDES list of point source dischargers
provided by the state was received too late to be reviewed in
detail for this report. However, preliminary examination
indicated that most of the point sources were accounted for
through other sources of information.
Michigan
A listing of industrial and municipal point source discharges
was obtainedfrom the Michigan Department of Natural Rescurces.
Available DNR files in Lansing were also surveyed to obtain
additional details on point source inputs. Information on point
sources was also partially derived from the East Central Michigan
Planning and Development Region (Chester Engineers, 1977).
Lake Erie Wastewater Management Study
The Lake Erie Wastewater Management Study (U. S. Army Corps of
Engineers, 1975) provided a large amount of information on point
source discharges to Lake Erie. Information available included
a detailed listing of non-industrial point source loads. No
data were available on industrial inputs to the Lake Erie Basin
except for information provided by the New York Department of
Environmental Conservation.
U. S. EPA Special Reports
Special reports, particularly the Water Pollution Investigation
Series (Sargent, 1975; Patterson et al., 1975) were used to
gain supplemental point source information.
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In compiling point source information, NPDES records and IJC information
(supplied basically by the states) were the primary information sources
used. Other information was used to supplement this data. In some cases,
a combination of information sources was used to obtain the required
information (for example, the receiving water of the discharger may have
been obtained from one source and the load of certain parameters from
another).
 
Location of Point Sources
 
A great deal of effort was expended in locating where a point SOurce
enters a tributary to the Great Lakes. Obviously, many physio—chemical
and biological factors may affect the delivery of point source discharges
to the river mouth of a tributary. Consequently, all point source inputs
to a Great Lakes tributary were classified as an "upstream" or "downstream"
source. The cut—off between upstream and downstream was arbitrarily
chosen as approximately 50 river kilometers upstream from the river mouth
or at the outlet of an impoundment or lake—like widening of the river
where such occurs within 50 river kilometers of the mouth. Grouping data
into these upstream and downstream categories permits calculations of
different point source deliveries to the river mouth when different
delivery or transmission ratios are known or assumed.
Base Years
As discussed previously, water years 1975 and 1976 were chosen as
base years for loading calculations. Consequently, point source annual
loads for these periods were also sought.
In many instances, point SOurce discharges were not available for all
parameters for both base years. When an annual load was available for only
one year, that load was assumed to apply to the other year. If data were
not available for either year in question, but were presented for another
year previous to 1975, then the most recent data were used to calculate
an annual pollutant discharge, on the assumption that these data are
typical of the two base years. If known upgrading of the point source
wastewater treatment facility had occurred between the year of available
data and the base year, such as often occurred in the case of phosphorus
removal at municipal treatment plants, non-base year datawere not used
and a load estimated as described below.
Some point source annual loads are reported according to the calendar
year instead of the water year. However, since annual loads are often
determined from a few samples per year (or even less), no attempt was made
to adjust annual point scurce inputs to the water year. Any annual
discharges reported or calculated for the calendar year were assumed to
apply to the water year (if loads for the water year were not available).
24
 Estimation of Point Source Loads
Point source loads were estimated for both municipal and industrial
dischargers. Because of the differences in available data, municipal
loads were determined somewhat differently than industrial loads.
Municipal Point Sources. For each municipal discharger identified
(over 800), information was collected on the name of the discharger, the
receiving tributary, the water year in which the data were collected, the
data source, the load for that year for available parameters of interest,
whether the source was dischargedinto an upstream or downstream segment,
the effluent flow per day, and the plant's location in relation to the
river mouth water quality sampling station. In terms of loading information,
data on phosphorus and suspended solids were most often found. Actual
loading figures for the other five parameters considered in this study
were often not readily available from the various data scurces.
 
In cases where phosphorus and suspended solids data were not available
for loading calculation work, an average phosphorus concentration obtained
from an analysis of those municipal plants with existing loading information
was multiplied by the known flow to obtain a load. Actual flow data, or in
some cases design flow, was found for all municipal dischargers identified
as a contributor. In a few of the more obscure plants, where only a load
was found, the flow was back-calculated using average concentrations as
described below.
In determining an "average" phosphorus and suspended solids concentration,
known municipal concentration data were grouped according to treatment type
as shown in Table 4. The combined average of primary and secondary
treatment plants and the average of tertiary plants given in Table 4
were used in estimating loads for primary and secondary plants and for
tertiary plants, respectively, for which concentration information was
not available.
In gathering information for Table 4, it was noticed that several
plants that were listed as having tertiary treatment (phosphorus removal)
had relatively high phosphorus concentrations in their effluents. While
these concentrations or the actual treatment were suspect, they were still
used for calculating an average concentration. Consequently, the average
effluent phosphorus concentration from tertiary plants (1.3 mg/£ P)
could be slightly high.
Table 4 also shows the average phosphorus concentration for those
plants that have a flow of between 0.1 mgd and 1 mgd. The average
concentration obtained for these small plants compares very closely with
the average concentration calculated for primary treatment plants. This
indicates that while the small plants may be insignificant as far as total
flow is concerned because of their higher concentration, they may indeed




MEAN EFFLUENT CONCENTRATIONS FOR GREAT LAKES
MUNICIPAL TREATMENT PLANTS
(Plants generally 1 mgd or greater except as noted)
Number of
Type of Treatment Parameter mglé Plants Standard Deviation
Primary Phosphorus (as P) 5.5 9 1.8
Secondary " 3.9 57 2.2
Primary +
Secondary " 4.1 66 2.2
Tertiary
(P removal)l " 1.3 94 0.7
Small Plants " 5.2 12 3.4
Primary Suspended Solids 59.3 7 26.9
Secondary " 31.6 30 20.7
Primary +
Secondary " 36.8 37 24.2




Tertiary) " 29.2 100 20.5
1 12 plants considered with flow between 0.1 and 1.0 mgd. Data from Lake
Erie Wastewater Management Study (Preliminary Feasibility Report,
Volume 11, Appendix A, 1975)
Only very limited information was available on the parameters of
interest other than phosphorus and suspended solids. To estimate point
source loadings for these other parameters, average effluent concentrations
determined by the U. S. Army Corps of Engineers Lake Erie Wastewater
Management Study, as shown in Table 5,. were used as representative
concentrations for all Great Lakes municipal point sources. Note that
soluble ortho phosphorus concentrations were estimated to be fifty percent





MUNICIPAL PLANT EFFLUENT CONCENTRATIONS 1
Soluble Ortho Phosphorus (as P) 0.5 x Total Phosphorus Concentration
Nitrate (Nitrite) Nitrogen 6.6 mg/K
Ammonia Nitrogen 7.9 mg/Z
Organic Nitrogen 2.33 mg/K
Chloride 160 mg/K
Provided by U. S. Army Corps of Engineers Lake Erie Wastewater
Management Study (1975)
Only those municipal plants that had a continuous discharge were
considered as a pollutant point source. Further, facilities with a
discharge less than 0.1 mgd were not considered. Any plants that
discharged to a lagoon or that discharged very infrequently were not
considered when calculating total point source loads. It was felt that
there was no accurate way to assess the annual pollutant impact of a
lagoon, which may discharge only one or two times a year. Lagoon treatment
systems were identified and located, however, so information is available
on lagoons for further analysis beyond this report.
Industrial Point Sources. Of the 700 industrial point sources
identified as possible contributors of the pollutants under consideration,
loads were determined for about 200 dischargers. These dischargers were
thought to represent most of the major industrial point sources contributing
to U. S. streams draining into the Great Lakes. Industries identified
but for which no loads were estimated, had no or insufficient data
available on the pollutants of concern to permit estimating an annual
load. A special effort was made, however, to include all dischargers
that might be significant, particularly in terms of dischargers of
phosphorus and suspended solids. For industrial dischargers it was not
possible to estimate the output of all seven pollutants considered, but





In a few cases special assumptions were made with regard to point
sources that are worth mentioning. Point source contributions to the
Indiana Harbor Canal and Burns Ditch, although located in a major urban
area on the south shore of Lake Michigan, were not considered as part of
the tributary load. Due to the unusual hydrology involved, these waters
were considered direct dischargers (direct dischargers will becompiled
in Subactivity 3—4 of U. S. Task D). In the Lake Ontario watershed, the
New York Barge Canal intersects (through a lock system) with the Genesee
and Oswego Rivers. Point source inputs to the canal were thus assigned
either to the Genesee or Oswego River. Point sources entering the
Barge Canal east of the Genesee were assigned to the Oswego. Otherwise,
the point sources were considered to contribute to the Genesee system.
Also, since Tonawanda Creek (located in the western part of the Lake
Ontario basin) flows into the Niagara River (ultimately) about fifty
percent of the year and into the Barge Canal the rest of the year, half
of the annual point source load was assigned to Tonawanda Creek and half
to the Genesee River.
Any point source that was found below the river mouth water quality
station was considered to be a direct discharge to the lake and was not
included in the total river mouth load. These direct sources, along with
other point sources discharging directly to a lake rather than to a
tributary, were not included in the river mouth or diffuse loading
calculations as they do not influence tributary water quality within the
monitored areas.
DIFFUSE LOADS
For the purposes of this report, diffuse loads were considered to be
that portion of the total tributary load not attributable to a point source.
Examples of diffuse pollutant sources are agricultural runoff, highway
deicing activities, sheet and gully erosion and streambank erosion.
Another source included in the diffuse category is base flow or groundwater
input to streams, which for some tributaries and parameters, contributes
a large fraction of the total diffuse load.
Two methods of calculating diffuse loads were utilized.
One method
was applicable to river basins for which river mouth monitoring data
(i. e., field data) were available.
The second, more indirect method,
was used to estimate diffuse loads from areas where no river mouth
monitoring data were found.
The following section explains these two methods.
Monitored Areas
Diffuse loads from monitored areas were calculated by subtracting
point source inputs from the total river mouth loads.
However, since all
point sources discharged may not actually reach the Great Lakes, subtracting
all point source inputs from the total tributary load, regardless of
where they entered the tributary system (far upstream or near the mouth),
may
reSult in an underestimation of the diffuse or non—point source load.
Since the actual ratio of point source inputs contributed to a tributary
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 to that delivered to the river mouth is unknown, the point source data
were aggregated in such a way that permits varying assumptions on point
source transmission.
For the purposes of this report, two transmission assumptions were
made and used to calculate point source loads delivered to the river mouth.
The first assumption was simply that all relevant point source pollutants
discharged into watershed reached the river mouth. The second assumption
was that only fifty percent of the upstream sources but all of the
downstream sources reached the river mouth (the definition of upstream and
downstream sources was presentedearlier). Comparison of the diffuse
loads calculated with these two scenarios provide insight into how
point source transmission may affect the distribution of point and
non—point contributions to the total tributary load. While only two point
source transmission scenarios have been calCulated for this report, the
methodology was designed to permit the effect of other assumptions of
point source transmissions on the diffuse/point source load ratio to be
readily calculated.
Unmonitored Areas
Unmonitored areas were those hydrologic areas and individual
tributaries which were insufficiently monitored so as to prevent a loading
calculation using the ratio estimator method. In order to estimate a load
from these areas, an annual diffuse unit area load (kg/ha/year) from a
monitored area with similar basin characteristics was multiplied by the
watershed area to provide an annual loading.
Unit area loads for monitored areas were calculated by dividing the
diffuse load (total load minus point source load) by the area of drainage.
Because of the two different point source transmission scenarios used,
two different unit area loads were calculated for each monitored area.
Consequently, two different estimates of loads for unmonitored areas were
generally calculated for each water year.
In applying a diffuse unit area load factor from a monitored area
to an unmonitored area, care was taken to be sure the unit area load applied
was a reasonable representation of actual conditions. For example, the
comparability of watersheds with respect to soil texture, soil erodibility,
surficial geology, and runoff characteristics were considered in the
application of diffuse unit area annual loads to unmonitored areas. In
addition, an attempt was made to consider the effects of geographic
variations in rainfall, atmospheric inputs, and land use practices.
Whenever feasible, adjacent or nearly adjacent areas with calculated
diffuse unit area loads were used to estimate unmonitored diffuse loads.
once a diffuse load was calculated for an unmonitored area,
identified point source inputs were added to give a total load for a given
year. Two different total loads were thus calculated for each water year,
one assuming 100 percent delivery of point source inputs to the river
mouth and the other assuming delivery of 50 percent of upstream point

































present tributary and land runoff loading information

















gives information on an individual hydrologic area and river basin group
basis.
All values presented in these tables are based upon
analysis of
point and non-point inputs to individual rivers draining in the U. S.
Basin.
The numbers for the hydrologic areas have been rounded to two
significant figures.
The river basin group totals, lake totals, and U. S.
Great Lakes Basin totals are summations of the hydrologic area numbers.
Data are presented for seven parameters for both 1975 and 1976,
except for Lake Erie, for which 1976 data are not yet available.
The
"Total Load" column represents the total diffuse and point source load
coming into the Lakes from the tributaries within a given area.
The
"Monitored Load" column gives
that portion of the total load that was
calculated from existing flow and concentration field data on individual
tributaries within a particular area.
An estimated load was also made
for the unmonitored areas based on a best judgement application on unit
area loads to unmonitored areas.
The estimated unmonitored load plus
the monitored load equals the total load.
The "Percent Diffuse" column
represents that portion of the total load which is non-point or from
diffuse sources
(includes base flow, see page 100).
This value is obtained by
subtracting all known point source loads contributing to the area in
question.
It was assumed that 100 percent of all point source inputs
within a given basin are delivered to the Lake in calculating this
diffuse load
(point source loads assuming a 50 percent delivery of upstream
sources have also been calculated but are not presented here).
The
"Unit Area" column presents the total (monitored plus unmonitored area)
diffuse unit area load.
This value was obtained by dividing the total
diffuse load by the given area.
Values presented in the U. S. Great Lakes Tributary Loading Summary
table for total load and monitored load are summations of the river basin
group information.
The percent diffuse and unit area loads are calculated
for each Lake based on the diffuse load and the diffuse load divided
by the drainage area of the given Lake, respectively.
All values
presented in these tables are based upon the best available data for both
river mouth and point source loading information.
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 U.S. GREAT LAKES
     
TRIBUTARY LOADINGS
Lake Total Phosphorus 1975 Total Phosphorus 1976
3
Z3
1 2 z 4 l 2
Total Monitored Dif- Unit Total Monitored Dif- Unit
Number Name Load Load' fuse Area Load Load que Area
Lake Superior 1,389 999 90 .28 964 ' 464 86 .20
Lake Michigan 3,190 2,772 55 .15 3,596 3,062 63 .19






Lake Ontario 1,966 1,424 _53 .23 3,513 2,580 72~ .56






































































































     
1Total load from Hydrologic Area (metric tons/yr)
3
2




1976 Lake Erie data not available (NA)


































































































Nitrate (Nitrite) N 1975












































































































































Portion of total load that was monitored (metric tons/yr)




1976 Lake Erie data not available (NA)
10 metric tons/km Yr)








































































































































































































































































































































































Total load from Hydrologic Area (metric tons/yr)






















































































































































































































































































































































































































































































































































































load that was mon
itored (metric t
ons/yr) 4Tot
























































Au Sable and Alcona Complex
Rifle—Au Gres Complex






























































































Portion of total load that was monitored (metric tons/yr)



























l 2 Z 4 1 2
Total Monitored Dif— Unit Total Monitored Dif— Unit
Number Name Load Load fuse Area Load Load fuse Area
4 l 1 Black River
46
46 86 .22













4 l 5 Huron River
250 250 60 .70
4 l 6 Swan Creek Complex
60
0 100 .70
4 1 7 Raisin River
310 280 72 .70








4 2 2 Maumee River






4 2 4 Sandusky River
620
600 81 l
4 2 5 Huron-Vermilion Complex 310 220 86 1.









4 3 2 Cuyahoga River
790 790 65 2 2
4.3.3 Chagrin Complex
160 140 96 - 2 0




4 3 5 Ashtabula—Conneaut Complex 190 170 97 2 0
River Basin Group 4.3 Total 2,270 2,090 79 2 1
 
4 4 1 Erie—Chautauqua Complex 300 0 92 l 5
4.4.2 Cattaraugus Creek 180 180 94 1 2
4 4 3 Tonawanda Complex 740 O 63 1.6
River BasinGroup 4.4 Total 1,220 180 75 1 5



























































River Basin Group 5-1 Total 880 530 66 .61 1,160 720 75 .90
5 2 1 Wayne—Cayuga Complex 83 O 92 .61 120 0 95 .90
5.2.2 Oswego River 510 510 0 — 920 920 39 .27





















Oswagatchie RiVer 130 130 91 .27 290 290 96 .67





























































































_Superior Slope Complex 60 0 100 .10 60
100
Saint Louis River 120 O 78 .10 73 65
Apostle Island Complex 140 _48 100 .27 94 100
Bad River 32 ' 32 100 .12 11 100
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2 3 1 Saint Joseph River 96 96 o _ 160 160 32 .04













2 3 4 Black Riv



















































































































































   
 
1
2Total load from Hydrologic Area (metric tons/yr)
3Percent of total load from diffuse sources (nonpoint)
Portion of total load that was monitored (metric tons/yr)
4Total diffuse unit aEea load (kg/hectare/yr or
*




























Soluble Ortho Phosphorus 1975
Soluble Ortho Phosphorus 1976
1 2 Z3 4 1 2 Z3 4































































































River Basin Group 3.2 Total 345
291 28 .05 775
640 82 .30

































Soluble Ortho Phosphorus 1975























l 3 Clinton River
78
0 32 .12




40 4O 0 —
1 6 Swan Creek Complex
11 O 100 .12
l 7 Raisin River 199 0 _§§_ .18























































4 3 4 Grand River
57
0 '99 .26





































































































































































































   
 
   
1Total load from Hydrologic Area (metric tons/yr)
3
2Portion of total load that was monitored (metric tons/yr)
4
Percent of total load from diffuse sources (nonpoint)





















1 2 a 1 2 Z






































100,000 100,000 100 390 150,000 150,000 100 590

















36,000 17,000 66 88 34,000
4,700 35 50
Ontonagon River
580,000 580,000 100 1600** 150,000 150,000 100 410**
Keweenaw Peninsula Complex
17,000
0 100 41 12,000
0 100 35
Sturgeon River
20,000 20,000 100 110 26,000 26,000 100 140
Huron Mountain Complex 12,000 5,100 100 48 8,700 930 100 35
Grand Marais Complex 9,900 3,800 100 32 11,000 0 100 35
Tahquamenon River 7,400 7,400 100 34 7,900 7,900 100 36
Sault Complex 9,300 8,200 100 130 9,800 O 100 140











































Drains a large clay area
    
lTotal load from Hydrologic Area (metric tons/yr)
3
























































































































































2 3 1 Saint Joseph River 82,000 82,000 97 662 110,000 110,000 98 91















2 3 4 Black Riv














































































































































Total load from Hydrologic Area (metric tons/yr)
3Percent of total load from diffuse sources (nonpoint)
2
*Portion of total load that was monitored (metric tons/yr) 4Total diffuse unit aEea load (kg/hectare/yr or
Point sources to the Indiana Harbor Canal and Burns Ditch
10*1 matric tOHS/km /Yr)






































Number Name Load Load fuse Area Load Load fuse Area
Les Cheneaux Complex 180,000 43,000 100 600 57,000 13,000 100 ' 190
Cheboygan River













.4 Thunder Bay River




Au Sable and Alcona Complex 12,000 11,000 100 21 16,000 15,000 100 28
Rifle—Au Gres Complex 30,000 27,000 100 103 22,000 13,000 100 11
River Basin Group 3.1 Total 243,900 96,100 100 120 121,700 56,300 100 60
 


















River Basin Group 3.2 Total 223,400 160,200 95 100 643,400 368,800 98 300
4
7
   
2Portion of total













































































4 1 5 Huron River
23,000 23,000 82 92
4 1 6 Swan Creek Complex
7,900 0 100 92
4 1 7 Raisin River '
150,000
0 99 460




4 2 1 Ottawa River
54,000
0 100 840
4 2 2 Maumee River
1,400,000 1,400,000 100 840
4.2.3 Toussaint-Portage Complex 110,000 66,000 100 420
4 2 4 Sandusky River
340,000 320,000 100 860
4 2 5 Huron-Vermilion Complex
280,000 180,000 100 1,000
River BasinGroup 4.2 Total 2,184,000 1,966,000 100 817



















































4.4.2 Cattaraugus Creek 680,000 680,000 100 4,800


























































Load fuse Area Load
Load fuse Area
5.1.1 Niagara—Orleans Complex 75,000 0 96 270 75,000 0 96 270
5.1.2 Genesee River
590,000 540,000 99 840 1,100,000 1,100,000 100 1,600










































Black River 73,000 73,000 94 130 41,000 41,000 88 70
Perch Complex 53,000 :0 100 420 53,000 0 100 420'
Oswagatchie River 44,000 44,000 100 100 20,000 20,000 100 45
Grass-Raquette—St. Regis Comp. 25,000 22,000 98 30 23,000 14,000 98 28
























1Total load from Hydrologic Area (metric tons/yr)
3
















































1.1.1 Superior Slope Complex
3,100 2,500 100 5.2 2,600
O 100
l 1 2 Saint Louis River
2,500 2,500 91 2 4 1,200
1,200 81
1.1.3 Apostle Island Complex
1,400 _ 490 100 2.8 1,300
430 100
l l 4 Bad River
640 640 100 2.5 650 650 100
l l 5 Montreal River Complex 400 320 _§2 4 5 280 230 _§§











































































































































































1Total load from Hydrologic Area (metric tons/yr)
3




































































































































































































































































































































































































































2Total load from Hydrologic Area (metric tons/yr)
3Percent of total load from diffuse sources (nonpoint)
*Portion of total load that was monitored (metric tons/yr)
4Total diffuse unit a ea load (kg/hectare/yr or
Point sources to the Indiana Harbor Canal and Burns Ditch
10— metric tons/km /yr)






















Total Monitored Dif- Unit Total Monitored Dif— Unit
Number Name
Load Load fuse Area Load Load fuse Area






































































3 2 1 Kawkawlin Complex
1,100 580 96 10 970 0 95 9
3.2.2 Saginaw River
18,000 18,000 81 9.3 17,000 _17,000 79 8.
3 2 3 Thumb Complex 5,800 2,100 100 16 6,100 870 199 17






















load that was mon
itored (metric t
ons/yr) Tota
















Total1 Monitored Dif— Unit





Total Monitored Dif- Unit
















620 580 17 .5
1,200 1,200 36 2.0
170










River Basin Group 4.2 Total







































































Portion of total load that was monitored (metric tons/yr)














































































































































































































































Total load from Hydrologic Area (metric tons/yr)
Percent of total load from diffuse sources (nonpoint)
4Total diffuse unit area load (kg/hectare/yr or














Nitrate (Nitrite) N 1975

































River Basin Group 1.1 Total
820 670 100 1.4
880 880 90 .83
210 71 100 .40






































































River Basin Group 1.2 Total
160 81 62 .34
140 140 100 .39









74 74 90 .30





















































   
1
2
Portion of total load that was monitored (metric tons/yr)












































































2.1-1 Menominee Complex 71 31 100 .26 64 28 100 .23
2 1 2 Menominee River
450 450 91 .39 410 410 90 .35
2 1 3 Peshtigo River
320 320 100 1.1 230 230 100 .75
2.1.4 0conto River 190 190 99 .72 170 170 99 .66






















2.2.1 Chicago—Milwaukee Complex * 2,300 1,100 90 3.6 2,700 1,300 92 4.4
2 3 1 Saint Jos
eph River
4,300 4,30




2 3 2 Black Riv
er (S.Hayen) Comp
lex 310








































































































































Total load from Hydrologic Area (metric tons/yr)
3Percent of total load from diffuse sources (nonpoint)
2


























































Au Sable and Alcona Complex
Rifle-Au Gres Complex
River Basin Group 3.1 Total
110 27 100 .38
110 100 100 .26
99 25 100 .68
71 71 100 .22
140 130 100 .24
£522 5911 259: 1.5
































River Basin Group 3.2 Total
12,
000





















   
1
2
Total load from Hydrologic Area (metric tons/yr)

















































































4 1 2 St. Clair Complex
580
0 94 3


















4,200 o 94 12
River Basin Group 4.1 Total 7,588 1,340 85 4_8
5
8 4 2 1 Ottawa River
1,500
0 100 23
4 2 2 Maumee River
41,000 41,000 98 23
4.2.3 Toussaint—Portage Complex
4,800 2,900 98 18
4 2 4 Sandusky River
6,500 6,200 98 16
4 2 5 Huron-Vermilion Complex 2,900 1,900 98 10
River BasinGroup 4.2 Total 56,700 52,000 98 20
 




4 3 2 Cuyahoga River
2,600 2,600 64 7
4.3.3 Chagrin Complex
570 510 98 7






































River Basin Group 4.4 Total 4,300 1,000 97 7.0
































































































































2,600 2,400 29_ 3.4 4,100 3,800 23. 5-6






5 2 1 Wayne-Cayuga Complex
440 0 98 3
5.2.2 Oswego River
3,500 3,500 49 l





















































































    
1Total load from Hydrologic Area (metric tons/yr) 3
2














































































































































































































































































1Total load from Hydrologic Area
(metric tons/yr)
3




Percent of total load from diffuse sources (nonpoint)


























































































































































































Bay De Noc Complex
Escanaba River


















































































Total load from Hydrologic Area (metric tons/yr)



















Total diffuse unit a
 






























































































































































    
lTotal load from Hydrologic Area (metric tons/yr) 3Percent of total load from diffuse sources (nonpoint)
















































4 1 5 Huron River
270 270 0 _
4 1 6 Swan Creek Complex
12
0 100 .14
4 1 7 Raisin River
340
0 14 .14
River Basin Group 4.1 Total
10 .12
4 2 1 Ottawa River
12
0 47 .09
4 2 2 Maumee River
1,100 1,100 13 .09
4.2.3 Toussaint~Portage Conmlex 83 78 0 —
4 2 4 Sandusky River
260 250 52 .34
4 2 S Huron—Vermilion Complex
110
89 47 L12
River Basin Group 4.2 Total












87 88 l l
4 3 4 Grand River
230 0 99 1.1
4 3 5 Ashtabula—Conneaut Complex
110
0 90 l 1























    
1Total load from Hydrologic Area (metric tons/yr)
3




































































































































































    
1
2
Total load from Hydrologic Area (metric tons/yr)
























































































































































































































































33,000 Metric Tons/Yr from point
sources on the Mineral River

















load that was mon
itored (metric to
ns/yr) Tot
















Hydrologic Area Chloride 1975 Chloride 1976
.3
.3
1 2 4 4 1
2 A
Total Monitored Dif— Unit Total Monitored Dif- UHit
r Name
Load Load fuse Area Load Load fuse Area
e
2 l l Menominee Complex 2,200 980 100 8.2 1,700 750 100 6.2
2 1 2 Menominee River 3,200 3,200 72 2.2 4,000 4,000 77 2.9
2 l 3 Peshtigo River 2,100 2,100 100 7 1 1,900 1,900 100 6.5
2.1.4 0conto River 6,200 6,200 99 24 6,300 6,300 99 25
2 1 5 Suamico Compiex 1,600 580 100 13 3,800 1,300 100 30
2 1 6 Fox River 51,000 51,000 72 21 56,000 56,000 76 25
2 1 7 Green Bay Complex 23,000 13,000 _22_ 35 32,000 18,000 _26 50
River Basin Grou





2.2.1 Chicago-Milwaukee Complex* 59,000 29,000 93 97 72,000 36,000 94 120
6
6
2 3 1 Saint Joseph River 2 78,000 78,000 72 46 87,000 87,000 75 54
2 3 2
































































































































































Total load from Hydrologic Area (metric tons/yr)
3Percent of total load from diffuse sources (nonpoint)
2
*Portion of total load that was monitored (metric tons/yr)
4Total diffuse unit aEea load (kg/hectare/yr or
Point sources to the Indiana Harbor Canal and Burns Ditch
10-1 metric tODS/km /Yr)













Total Monitored Dif— Unit Total Monitored Dif— Unit
Number Name
Load Load fuse Area Load Loag, fuse Area
1 Les Cheneaux Complex




6,500 6,200 100 16 6,700 6,500 100 16
3 Presque Isle Complex 1,100 490 100 7.8 1,500 670 100 10
.4 Thunder Bay River
5,500 5,500 100 17 4,300 4,300 100 13
5
6
Au Sable and Alcona Complex 11,000 9,900 100 19 11,000 10,000 100 19
Rifle-Au Gres Complex 14,000 13,000 98 48 17,000 9,800 99 59
River Basin Group 3.1 Total 42,800 36,190 99 21 42,500 31,730 . 99 22
V3 2 l Kawkawlin Complex 7,600 5,100 94 72 7,600 0 94 72
3.2.2 Saginaw River
300,000 300,000 58 100 320,000 320,000
61 120
3 2 3 Thumb Complex
27,000 10,000 100 74 52,000 7,300 100 140




     
1Total load from Hydrologic Area (metric tons/yr) 3














































































































































































4 2 1 Ottawa River 9,600 0 99 150



















































































































































































































































































140,000 130,000 96‘ 190 140,000 130,000 26 190
River Basin Group 5.1 Total 166,000 130,000 92 160 166,000 130,000 92 160







1,000,000 1,000,000 44 350 1,400,000 1,400,000 60 630
5 2 3 Salmon Complex
3,200 0 _96 13 3,600 0 26 14
River Basin Group 5'2 TOtal 1,012,600 1,000,000 45. 280 1,413,000 1,400,000 61 500
  
Black River
7,500 7,500 85 12 8,600 8,600 87 14













































    
1Total load from Hydrologic Area (metric tons/yr)
3
2



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the Sum of 365 daily observations. This assumption, of course, implies
that sampling instrumentation and measurement errors may be neglected
and that an instantaneous flow/concentration measurement is a perfect
representation of tributary conditions on a particular day. Consequently,
while the mean—square—error terms are useful, they do not necessarily
reflect how close the estimated load is to the true load. For more
information on the statistical theory, statistical texts such as Kendall
and Stuart (1968) should beconsulted.
In summary, the major source of error in estimating river mouth
loads is likely to be the inability of the sampling program to provide a
representative temporal and spatial distribution of samples. Sampling
programs must be tailored to the unique characteristics of individual
streams if they are to be both effective and efficient. Importantly,
all streams will not require high sampling frequencies in order to
accurately characterize their loading contributions, e. g., monthly
instead of daily or weekly sampling may be sufficient to provide a
reasonable estimate of load. These individual tributary characteristics
which require consideration in the design of the sampling program will be
discussed in subsequent sections.
IJC Surveillance Versus U. S. Task D Total Phosphorus Loads
Total phosphorus loads have also been calculated by the Surveillance
Subcommittee of the International Joint Commission. It is important to
point out the differences (and similarities) between the Surveillance
Subcommittee total phosphorus loads and the U. S. Task D (this study) loads.
Table 8 compares the U. S. total tributary loads estimated to be
delivered to Lakes Superior, Huron, and Michigan during 1976. Loads
estimated for Lakes Ontario and Erie were not directly comparable due to
the unavailability of 1976 Erie data as well as differences in drainage
demarcations.
Both estimates were based on the same computation method (ratio-
estimator method), but considerably more data were used in computing
the Task D load. Table 8 shows the total number of samples and the
number of rivers from which the loads were computed. State surveillance
data were the primary data source used by the Surveillance Subcommittee,
but for U. S. Task D, in addition to the state surveillance data, other
data were also used from university studies, the U. S. Geological Survey,
special EPA studies, and PLUARG Pilot Watershed studies. Consequently,
differences in loads as shown in Table 8 can be accounted for in part
by the differences in sample numbers. Note that in this study (U. S.
Task D) loads were calculated for different parameters, while the







COMPARISON OF SURVEILLANCE SUBCOMMITTEE AND












COMPARISON OF THE TOTAL NUMBER OF SAMPLES AND NUMBER OF RIVERS MONITORED
WHICH WERE USED IN CALCULATING 1976 TOTAL PHOSPHORUS LOADS BY






















 EVALUATION OF U. S. GREAT LAKES TRIBUTARY LOAD ESTIMATES
Flow
In order to evaluate the changes in load that occur from one year to
the next, it is helpful to first consider the variability in-flow. Table 9
contains the Annual Mean Daily Tributary Flow to the Great Lakes for
water years 1975, 1976, and the historical average. These flows are
based on USGS gaging station records. Flows from gaged rivers were
adjusted to river mouths. Also, flow fromungaged tributaries were
estimated by extrapolating flow from gaged areas so that the flows
estimated in Table 9 account for the total Lake watershed area.
Flow from ungaged area was estimated by multiplying the unmonitored
areas by the ratio of the appropriate monitored flow to monitored area.
TABLE 9
ESTIMATED TOTAL ANNUAL MEAN DAILY TRIBUTARY FLOW TO
THE GREAT LAKES 1
cfs (m3/s)
ngg _1975 1916 Historical Record
Superior 16,380 (463.88) 14,250 (403.56) 15,660 (443.49)
Michigan 42,780 (1211.53) 45,540 (1289.70) 37,580 (1064.27)
Huron 14,910 (422.25) 17,660 (500.13) 11,610 (328.80)
Erie 22,520 (637.77) 22,340 (632.67) 17,930 (507.78)
Ontario 28,860 (817.32) 41,100 (1163.95) 25,820 (731.22)
Total
Basin 125,460 (3553.03) 140,910 (3990.57) 108,600 (3075.55)
Flows based on measured flow plus estimated flow for ungaged areas
74
 Table 9 shows that the total annual mean daily discharge during
water years 1975 and 1976 was generally higher than the historical
discharge. Flows were higher in 1976 compared to 1975 for the Basin as
a whole and specifically for Ontario, Huron, and Michigan tributaries.
The 1976 tributary flow to Lake Ontario was particularly high.
Table 10 contains Basin tributary flows normalized according to the
area of drainage. Interestingly, the flow per unit area of watershed


















than the flow into the other Lakes, particularly during 1976.
Table 11 provides more detailed information on the discharge from
individual tributaries. All tributary flows have been adjusted to the
river mouths (see methodology for discussion). Significant differences
occurred in the discharge of tributaries between water year 1975 and 1976.
TABLE 10
TOTAL ANNUAL DAILY FLOW PER UNIT AREA OF WATERSHED
m3/km2/year
Lake 1275 igzg Historical
Superior 330,000 290,000 320,000
Michigan 330,000 350,000 290,000
Huron 320,000 380,000 250,000
Erie 360,000 360,000 290,000
Ontario 570,000 810,000 510,000

















Z of Total Basin
















INDIVIDUAL ANNUAL MEAN FLOW




































































































































AREA , km2 FLOW FLOW FLOW
cfs(m3/s) cfs(m3/s) cfs(m3/s)
Michigan Basin cont'd...
Black (Ottawa C0.) 494 208(5.89) 259(7.33) l73(4.90)
Grand 14,660 5,683(160.94) 6,491(183.83) 4,029(ll4.10)
Muskegon 7,118 2,694(76.29) 3,401(96.32) 2,200(62.30)
White 1,352 681(19.29) 876(24.81) 566(16.03)
Pere Marquette 1,909 839(23.76) 953(26.99) 67l(19.00)
Manistee 5,487 2,692(76.24) 2,476(70.12) 2,313(65.50)
Boardman 740 252(7.14) 298(8.44) 246(6.97)
Manistique 3,746 2,177(61.65) 2,257(63.92) 1,861(52.70)
Escanaba 2,370 905(25.63) 917(25.97) 968(27.4l)
Ford 1,236 457(12.94) 412(11.67) 399(11.30)
Z of Total Basin
Accounted for by Gaged Rivers 83 83 81
Lake Huron Basin
Pine 644 371(10.51) 306(8.67) _ -----
Cheboygan 4,090 1,724(48.82) 1,748(49.50) 1,488(42.14)
Thunder Bay 4,271 1,030(29.17) 1,013(28.69) 1,004(28.43)
Au Sable 5,756 2,306(65.30) 2,387(67.60) 1,996(56.53)
Au Gres 727 132(3.74) l89(5.35) 162(4.59)
Rifle 1,013 378(10.70) 428(12.12) 376(10.65)
Kawkawlin 582 146(4.13) 29l(8.24) 130(3.68)
Saginaw 16,170 5,950(168.50) 7,849(222.28) 4,026(114.02)
Pigeon 322 83(2.35) 144(4.08) 70(1.98)
Z of Total Basin
Accounted for by Caged Rivers 81 81 80
Lake Erie Basin
Black 1,800 396(11.21) 687(19.46) 400(11.33)
Belle 544 185(5.24) 189(5.35) 119(3.37)
Clinton 2,030 931(26.37) 962(27.24) 546(15.46)
Rouge 1,188 388(10.99) 495(14.02) 283(8.01)
Stony Cr. 306 72(2.04) 104(2.95) 76(2.15)
Raisin 3,206 , 901(25.52) l,136(32.l7) 836(23.68)
Huron 2,200 653(18.49) '842(23.85) 521(4.75)
77
 TABLE 11 continued...
RIVER DRAINAGE 1975 1976 HISTORICAL AVG.

























































Z of Total Basin




































X of Total Basin
Accounted for by Caged Rivers 81 81 81
 
 TABLE 11 continued...
 
RIVER DRAINAGE 1975 1976 HISTORICAL AVG.
AREA, km2 FLOW FLOW FLOW
cfs(m3/s) cfs(m3/s) cfs(m3/s)
Michigan Basin cont'd...
Black (Ottawa Co.) 494 208(5.89) 259(7.33) l73(4.90)
77
Grand 14,660 5,683(l60.94) 6,491(l83.83) 4,029(114.10)
Muskegon 7,118 2,694(76.29) 3,401(96.32) 2,200(62.30)
White 1,352 681(19.29) 876(24.81) 566(16.03)
Pere Marquette 1,909 839(23.76) 953(26.99) 67l(l9.00)
Manistee 5,487 2,692(76.24) 2,476(70.12) 2,3l3(65.50)
Boardman 740 252(7.14) 298(8.44) 246(6.97)
Manistique 3,746 2,177(6l.65) 2,257(63.92) 1,86l(52.70)
Escanaba 2,370 905(25.63) 917(25.97) 968(27.41)
Ford 1,236 457(12.94) 412(11.67) 399(11.30)
Z of Total Basin
Accounted for by Caged Rivers 83 83 81
Lake Huron Basin
Pine 644 371(10.51) 306(8.67) —————
Cheboygan 4,090 1,724(48.82) l,748(49.50) l,488(42.14)
Thunder Bay 4,271 1,030(29.17) l,013(28.69) 1,004(28.43)
Au Sable 5,756 2,306(65.30) 2,387(67.60) l,996(56.53)
Au Gres 727 132(3.74) 189(5.35) l62(4.59)
Rifle 1,013 378(10.70) 428(12.12) 376(10.65)
Kawkawlin 582 l46(4.13) 291(8.24) 130(3.68)
Saginaw 16,170 5,950(l68.50) 7,849(222.28) 4,026(114.02)
Pigeon 322 83(2.35) l44(4.08) 70(1.98)
Z of Total Basin
Acc0unted for by Gaged Rivers 81 81 80
Lake Erie Basin
Black 1,800 396(11.21) 687(19.46) 400(11.33)
Belle 544 185(5.24) 189(5.35) ll9(3.37)
Clinton 2,030 93l(26.37) 962(27.24) 546(15.46)
Rouge 1,188 388(10.99) 495(14.02) 283(8.01)
Stony Cr. 306 72(2.04) 104(2.95) 76(2.15)
Raisin 3,206 901(25.52) 1,136(32.17) 836(23.68)




























































Z of Total Basin







































































Often the 1975 and/or 1976 flows were different from the historical
record flow. Even within a lake baSin, both relatively high and low flows
can occur during the same year.
Important differences in flow can occur during the spring period
when for some streams a large fraction of the annual load (of some
substances) is delivered. Table 12 gives the ratio of the 1975 to
1976 spring river mouth flow for a number of tributaries. As can be
seen, many of the tributaries in Table 12 had higher spring flows in
1976 compared to 1975 (ratio less than one). Notably, two major
tributaries, the St. Louis River (draining into Lake Superior) and
the Maumee River (draining into Lake Erie) had higher spring flow in
1975 compared to 1976. Important high flow events also often occur in
February or other fall—winter months which are not accounted for in
Table 12. Also, short—term peak flow events may have a major effect on
mean daily flows.
TABLE 12
RATIO OF SPRING (MARCH + APRIL + MAY) FLOWS FOR
SEVERAL GREAT LAKES TRIBUTARIES
1975/1976




Grand River (Lake Michigan) 0.771
Muskegon River 0.500
Rifle River 0.694
Au Sable River 0.795











 Differences in flow fromyear—to-year certainlyaccount for some
of the variation in loads and will be considered in the ensuing discussion.
However, other factors, such as the time, amount and intensity of
precipitation, meteorological conditions, year—to—year differences in
land use and agricultural practices, variances in point source inputs,
and many other factors affect the load for any oneyear. Ideally,
a long period of record for loads, such as is available for discharge
on many tributaries, would give a better indication of year—to—year
variabilities in loads. For several streams a long—term data base is
beginning to be built up, and it is imperative that such monitoring be
continued. Until more long—term informationis available, however, it
must be realized that tributary loads are the result of dynamic processes
and can be expected to vary widely from year—to—year.
Great Lakes Load Summary
Table 6 presented in the Results section summarizes loads to the
Great Lakes on a total Great Lakes Basin level and by individual
Lake basins. Summarized 1975 and 1976 loads are given for seven different
parameters, except for Lake Erie, where 1976 data were not available at
the time of this writing. It should benoted that discussion of the
loading data should not be taken to imply the estimated loads are '
necessarily absolute. While they are believed to be the best estimates
available, an understanding of the limitations of the data is necessary for
proper use and interpretation of the estimated loads.
The largest and smallest total phosphorus tributary loads were
received by Lake Erie and Lake Huron, respectively. Lake Erie and
Lake Michigan tributaries received the largest point source input Of
total phosphorus. Lake Erie received the largest annual diffuse total
phosphorus load per unit area of watershed. The monitored load
(calculated from actual flowand concentration data) comprised a large
portion of the total load to each Lake, particularly during 1975. Total
phosphorus loadings were higher in 1975 than in 1976 for Lake Superior,
while the reverse was true for the other Lakes. This is attributable
in part to fluctuations in annual discharge, but is also probably
attributable to many other factors, such as variations in the sampling
program, the accuracy of the data reported, the temporal and spatial
distribution of precipitation in different watersheds, and the intensity
of precipitation.
Suspended solids tributary loads during water year 1975 (Table 6)
were highest for Lake Erie, followed by Lake Superior and Lake Ontario.
In 1976 the Lake Ontario suspended solids load exceeded the Lake Superior
suspended solids load, which decreased significantly in water year 1976.
Other lakes (with the exception of Lake Erie, for which no 1976 loading
data were available) received larger suspended solids in water year 1976
than water year 1975.
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Further examinationof Table 6 reveals that Lake Erie and Lake
Michigan received the largest loading of soluble ortho phosphorus.
Assuming 100 percent transmission from the point of entry to the river
mouth, a significant portion of the soluble ortho phosphorus input can be
accounted for by point source inputs. It is also interesting to note
that despite the large increase in flow into Lake Ontario during 1976,
the soluble ortho phosphorus load was not substantially increased.
The summary of total nitrogen loadings to the Great Lakes (Table 6)
reveals that Lake Erie received the largest tributary contribution.
Furthermore, approximately 15 percent of the total Basin tributary load
was associated with inputs from point source discharges. Table 6
indicates that Lake Erie also recieved the highest inputs of nitrate
and ammonia nitrogen. Although 80 percent or more of the nitrate
nitrogen loadings to the different Lakes was associated with diffuse
sources, point source inputs seemed to be the primary contributor of
ammonia nitrogen loads (assuming 100 percent delivery). Nitrate nitrogen
and ammonia nitrogen exhibited similar variation patterns over the 1975
and 1976 water years.
The chloride loading summary given in Table 6 indicates that Lake
Ontario received the highest chloride load during water years 1975 and 1976.
The chloride load to all the Lakes appeard to vary between 1975 and 1976
in the same proportion as tributary flow varied. This is evidenced by
Table 6, which compares the ratio of 1975 to 1976 chloride load with
1975 to 1976 flow.
TABLE 13
RATIOS OF CHLORIDE LOAD AND ANNUAL FLOW BETWEEN WATER YEARS 1975 AND 1976
1975/1976
gasin Chloride Load Annual Flow
Lake Superior 1.14 1.15
Lake Michigan 1.09 1.04
Lake Huron 0.89 0.84
Lake Erie
Lake Ontario 0.74 0.70
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Table 7, presented in the Results section, summarizes loads to the Great
Lakes from individual hydrologic areas, and is discussed below. Maps of River
Basin Groups and hydrologic areas are presented in Appendix B.
LAKE SUPERIOR
River BasinGroup 1.1. The St. Louis River is the largest river in
this region. Portions of the River Basin Group 1.1 drainage area are
characterized by heavy clay soils which appear to significantly affect
tributary loads. Flow volumes varied considerably during the 1975 and
1976 water years. For example, flow from the St. Louis and Nemadji
Rivers significantly decreased from 1975 to 1976, while certain streams
in the eastern portion of the Basin (e. g., the Bad River) exhibited
increased flow. During water year 1975 the monitored load (i. e., the
load as determined from field measurements of flow and concentration)
accounted for a majority of the estimated total load from this basin group.
The number of monitored streams (and subsequent ratio of monitored load
to estimated total load) decreased for the 1976 water year as a result of
the termination of the Upper Lakes Reference Group monitoring program.
 
As can be seen from examination of Table 7,, the Superior Slope
Complex, the St. Louis River, and the Apostle Island Complex are the
largest contributors of total phosphorus in this river basin group.
With the exception of the St. Louis River, most of the total phosphorus
load is derived from diffuse sources. The Superior Slope Complex,
which is composed of many small tributaries, was monitored extensively
during the 1975 water year. However, monitored 1976 total phosphorus
data were unavailable for this complex.
The Apostle Island Complex also contributed a larger total phosphorus
load in 1975 than in 1976. The Apostle Island Complex contains several
tributaries, such as the Nemadji River, which drain a watershed characterized
by red clay. As shown in Table 7 , this complex represented the largest
source of total phosphorus in River Basin Group 1.1.
Total Lake loadings of total phosphorus from 1.1 decreased between
water years 1975 and 1976. This may be directly attributable to
decreased tributary flows during this time period. It should be noted
that the highest phosphorus concentrations were most often recorded on
days having highassociated flow levels. This condition, in combination
with the overall increase in annual flow, may explain the high loads
contributed by the St. Louis River in 1975.
Further inspection of Table 7 reveals that soluble ortho phosphorus
generally comprised less than 50 percent of the total phosphorus load
from the tributaries included in River Basin Group 1.1. .The ratio of
soluble ortho phosphorus to total phosphorus was relatively consistent
for most streams between 1975 and 1976. Importantly, the St. Louis River
had the highest ratio of soluble ortho phosphorus to total phosphorus.
However, because monitoring of soluble ortho phosphorus was limited,
especially during 1976, the soluble ortho phosphorus load could be
underestimated.
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 Suspended solids loads for River Basin Group 1.1 are relatively
high, reflecting the high clay content of soils in various portions of the
watershed. The Apostle Island Complex and the Bad River Complex contributed
the largest suspended solids loadings. The suspended solids loadings
from the St. Louis River were not particularly high, despite its large
basin area and significant discharges of suspended solids from point
sources within the Basin. This point source loading data is primarily
associated with extensive mining operations within the watershed.
The amount of suspended solids from these point sources which actually
reach Lake Superior is not known, but significant transport loss is
possible. Since the annual diffuse unit area load of suspended solids
is so low for the St. Louis basin, assuming 100 percent delivery of
these point sources, it is in fact likely that a large fraction of the
estimated point source load does not find its way to the Lake. The
lake—like widenings of the St. Louis near its mouth, in combination with
the large wetland area contained in the drainage basin, probably accounts
for the relatively low quantity of suspended solids discharged to
Lake Superior.
The variation in the suspended solids loading from River Basin Group 1.1
during the 1975 and 1976 water years was similar to that of total
phosphorus (see Table 7 ). The Bad River represents one exception.
Here the suspended solids load was higher in 1976 than in 1975, although
the annual total phosphorus load decreased over the same period.
However, this increased suspended solids load is consistent with the
increase in flow which occurred in the Bad River between 1975 and 1976.
Furthermore, the high total phosphorus load calculated for 1975 may be
overestimated due to some unusually highconcentrations reported during
the 1975 water year and thus the calculated load for 1975 may not be
representative of actual conditions.
Table 7 indicates that the highest total nitrogen loads from
River Basin Group 1.1 were from the Superior Slope Complex and the St.
Louis River basin. This may reflect the larger quantity or organic
matter present in the watersheds of these basins. The Apostle Island
Complex, which had the largest suspended solids and total phosphorus
input, did not contribute the largest total nitrogen input. Generally,
total nitrogen loads decreased between 1975 and 1976, which reflects the
overall decrease in flow for the tributaries in this river basin group.
Nitrate nitrogen loads most often exceeded the inputs ofammonia nitrogen
for River Basin Group 1.1. Diffuse sources accounted for a majority of
the nitrate nitrogen loads, while point source inputs accounted for a
large fraction of the ammonia nitrogen load.
Chloride loadings for River Basin Group 1.1 (see Table 7 ) reflect
the relatively undeveloped nature of the watershed. Only the St. Louis
River basin and the Montreal River Complex contain extensive urban areas
within their watersheds, and both receive significant point source inputs
of chloride. Chloride loads generally decreasedbetween 1975 and 1976;
this again coincides with decreased flows in 1976 (see Table 11). The
Bad River represents one exception. Here the chloride load decreased in
















































































































































































































































































































































































































































































































Monitored loads of suspended solids to Lake Superior comprised 70
percent or more of the total suspended solids loadings from River Basin
Group 1.2. The Ontonagon River represented the largest contributor.


















large decrease in suspended solids loadings occurred between 1975 and 1976
from the Ontonagon River. This decrease coincides with the decrease


















Hydrologic Area 1.2.1 — the Porcupine Mountains Complex. Discharges
from mining operations in the Mineral and Iron River watersheds accounted
for much of the load from this complex.






































































within the Keweenaw Peninsula Complex were not monitored, the Keweenaw
















































































































































































































































































































































































































approximately equal to the long—term average flows. The Menominee,























































































































































































































































































































 year—to—year, but the magnitude of the total load remained small in
comparison to the input from other watersheds. The generally small
variation in total phosphorus loads reflects the relatively constant
flow conditions between 1975 and 1976 for these tributaries. ‘
As was the case for total phosphorus, the largest contributors of
soluble ortho phosphorus to Lake Michigan in River Basin Group 2.1 were
the Fox River and the Green Bay Complex (see Table 7 ). Point source
inputs of soluble ortho phosphorus were significant in the Green Bay
Complex, the Fox River, and the Menominee River. Although soluble ortho
phosphorus loads comprised roughly 50 percent of the total phosphorus loads
to the Menominee River during 1975, there was significant reduction in the
soluble ortho phosphorus to total phosphorus ratio in 1976. The Green Bay
Complex maintained a relatively high soluble ortho phosphorus to total
phosphorus load ratio in both water years 1975 and 1976.
The Fox River and the Green Bay Complex also were the largest sources 3
of suspended solids to Lake Michigan from River Basin Group 2.1. Point
source contributions were significant for the Fox River, as well as for
the Oconto and Menominee Rivers during both 1975 and 1976. Suspended
solids increased between 1975 and 1976 with the exception of the Green Bay
Complex. The large reduction in suspended solids loadings for the Green
Bay Complex was primarily due to a large decrease in loadings from the
Manitowoc River. The reason for this decrease is not obvious, although
it may be related to the fact that some high flow and field concentration
measurements were coincidently collected during 1975 but not in 1976.
The Fox River and the Green Bay Complex again contributed the largest
quantities of total nitrogen from River Basin Group 2.1. The Fox River
also received the largest contribution from point sources in terms of the
percentage of the total nitrogen load. Generally, there was little
difference between the 1975 and the 1976 total nitrogen load.
Ammonia nitrogen and nitrate nitrogen loadings were unlike some of
the other parameters in that the Fox River was not the largest contributor.
The Oconto River contributed the largest ammonia nitrogen input from
River Basin Group 2.1. The Green Bay Complex was the largest contributor
of nitrate nitrogen. Assuming 100 percent delivery, point sources of
ammonia accounted for all the ammonia nitrogen discharged from the Fox River.
Point sources also accounted for all the nitrate nitrogen loads from the
Fox River in 1976 and approximately 70 percent in 1975. In most cases
both nitrate nitrogen and ammonia nitrogen loadings were higher in 1975
than in 1976.
With respect to chloride, the Fox River was again the largest . z
contributor from River Basin Group 2.1. Identified point sources
accounted for portions of the load delivered by the Menominee River, the
Fox River, and the Green Bay Complex (see Table 7 ). The Suamoco Complex




























































were only calculated for the Milwaukee River,





















highly urban drainage, lacked sufficient flow and concentration data to
estimate their associated loads.
Point sources associated with the































































loads during both years.
Unlike phosphorus loads,









changes account for the overall drop in the River
Basin Group 2.2
~suspended solids loadings over the two-year period.
Flow for both









constant between water years 1975 and 1976.
Nitrate nitrogen loadings also
exhibited little variation over the two water years, while ammonia
nitrogen loadings decreased.
Assuming
100 percent delivery, point sources
accounted for about 10 percent of the nitrate nitrogen load.
Chloride
loads increased between water year 1975 and 1976.
Most of the chloride
load was apparently derived from diffuse sources.
River Basin Group 2.3.
This basin group is comprised of relatively
large rivers
(e. g.,
the St. Joseph River, the Kalamazoo River, and the
Grand River).
Gaging stations in the region indicated relatively little
change in flow between water years
1975 and 1976 for the Kalamazoo River,
while the St.
Joseph and the Grand River exhibited a marked increase in
annual mean daily flow during 1976.
In all cases, flows monitored during
water years 1975 and 1976 were greater than the long-term average annual
mean daily flow.
 
 Monitored loads for all parameters accounted for nearly all the
total load in River Basin Group 2.3. Thus, only a small percentage of this
basin group‘s total loading was based on extrapolated information.
As shown in Table 7 the Grand River contributes the largest quantity
of total phosphorus of any tributary draining into Lake Michigan. Other
rivers which deliver major inputs from River Basin Group 2.3 are the
Kalamazoo, St. Joseph, and the Black River (in Ottawa County). Differences
in total phosphorus loads between 1975 and 1976 were generally consistent
with differences in the flow between these two water years. Point source
inputs accounted for a large part of the total phosphorus load from this
river basin group.
Soluble ortho phosphorus loads from River Basin Group 2.3 varied in
roughly the same fashion as total phosphorus loads between wateryears
1975 and 1976. The St. Joseph River was one exception. Here the soluble
ortho phosphorus load increased significantly between 1975 and 1976. The
relative importance of point sources varied widely within the river basin
group, and in some cases, point source inputs accounted for all the total
soluble ortho phosphorus load.
The St. Joseph River contributed the largest quantity of suspended
solids of any tributary in River Basin Group 2.3 and, in fact, of any
Lake Michigan tributary during water year 1975 (see Table 7 ). During
1976, the Grand River was found to be the largest contributor of suspended
solids to Lake Michigan. Suspended solids loads were generally higher
in 1975 than 1976. A particularly large increase in suspended solids load
was observed for the Grand River between water year 1975 and 1976
(primarily due to an increase in flow). The Kalamazoo River had some
significant point source loads from both municipal and industrial inputs.
Total nitrogen loads varied little between water years 1975 and 1976.
The Grand River was not only the largest contributor of total nitrogen in
River Basin Group 2.3, but also the largest contributor to Lake Michigan
(see Table 7 ). Assuming 100 percent delivery, point sources of total
nitrogen account for up to 50 percent of the tributary load from River
Basin Group 2.3. Nitrate nitrogen behaved similarly to total nitrogen
during 1975 and 1976. Point sources accounted for as much as 70 percent of
the nitrate load. The ammonia nitrogen load from rivers within River Basin
Group 2.3was variable between 1975 and 1976. Estimated point source inputs
of ammonia accounted for all the total load from the St. Joseph River, the
Kalamazoo River, and the Grand River (assuming 100 percent delivery).
The Grand River was the largest contributor of chlorides to Lake
Michigan for both water years. Despite the fact that the flow of the Grand
River was significantly higher in 1976, the chloride load decreased from
the 1975 value. Assuming 100 percent delivery, point source inputs of
chloride accounted for up to 30 percent of the chloride loads in River Basin


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Lake Erie tributaries, one may consult the reports of the Lake Erie
Wastewater Management Study.
River Basin Group 4.1. This river basin group includes a number of
tributaries draining into the St. Clair River, Lake St. Clair, and the
Detroit River. Total phosphorus loadings were highest from the Rouge
Complex and the Raisin River. Point source inputs of phosphorus were
significant except in the Swan Creek Complex. Soluble ortho phosphorus
to total phosphorus ratios exhibited large variations within this river
basin group. Analysis of the data indicated that the Raisin River was a
large contributor of suspended solids. Less than 25 percent of the 1975
suspended solids load for River Basin Group 4.1 was based on monitored data.
As shown in Table 7 , the Rouge Complex, which drains some heavily
industrialized land in the Detroit area, received a large point source input
of suspended solids.
 
Total nitrogen loads in River Basin Group 4.1 were largely estimated
from unit area load factors rather than monitored data. The Raisin River
was the largest contributor of both total nitrogen and nitrate nitrogen
during water year 1975. The monitored load of ammonia nitrogen also
comprised less than half of the total estimated load. Point source inputs
of ammonia were significant, accounting for the total load from the Rouge
complex and the Huron River hydrologic area. The Raisin River contributed
the largest amount of chloride from tributaries in River Basin Group 4.1.
Examination of the data indicated that chloride point sources were again
significant in some of the hydrologic areas.
River BasinGroup 4.2. This river basingroup consists of tributaries
which drain into the western basin of Lake Erie. The Maumee River is the
dominant member of this river basin in terms of loading contributions.
As can be seen from Table 7 , the total phosphorus and suspended solids
loads from the Maumee River exceeded those of any other tributary in this
river basin group. Soluble ortho phosphorus inputs accounted for about
20 percent of the total phosphorus load.
Total nitrogen loads were again highest from the Maumee River, as were
nitrate and ammonia loads. Point source contributions of ammonia were
significant and, in the case of the Maumee River and the Toussaint-Portage
Complex, accounted for a majority of the total ammonia load. The Maumee
River was the primary source of chloride from River BasinGroup 4.2,
and identified point sources accounted for only a small percentage of the total.
River Basin Group 4.3. River Basin Group 4.3 contains a number of
similar—sized rivers and includes the drainage of the Cleveland metropolitan
area. Inspection of Table 7 reveals that Cuyahoga River was the largest
contributor of total phosphorus from this group. The largest contributor
of soluble ortho phosphorus, however, was the Black—Rocky Complex.
Point sources accounted for a large portion of phosphorus loads from the
Cuyahoga River. The Cuyahoga River was also the largest contributor of
suspended solids. Essentially all the suspended solid load for the river
basin group were derived from diffuse sources.
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 The Black-Rocky Complex dominated the total nitrogen loads from River
Basin Group 4.3 and also contributed the highest quantity of ammonia
nitrate nitrogen. Identified point sources accounted for a large percent
of the total nitrogen and nitrate nitrogen load from the Cuyahoga, as
well as 100 percent of the ammonia nitrogen load during water year 1975.
The Cuyahoga River contributed the largest chloride load to Lake Erie
from River Basin Group 4.3.
River Basin Group 4.4. River Basin Group 4.4 drains into the eastern
basin of Lake Erie. Its watershed includes portions of Pennsylvania and
New York. Of the three hydrologic areas in River BasinGroup 4.4,
only the loads estimated for Cattaraugus Creek were based on field data.




















(see Table 7 ). A large fraction of this load could be attributed to
point source inputs. The ratio of soluble ortho phosphorus loads to total
phosphorus loads was consistently low, and point source inputs accounted
for a large portion of the soluble ortho phosphorus load. Cattaraugus
Creek contributed the largest amount of suspended solids from River Basin
Group 4.4.
Table 7 indicates that the Tonawanda Complex was estimated to be the
largest contributor of total nitrogen, nitrate nitrogen, and ammonia
nitrogen from River Basin Group 4.4. Point source discharges of ammonia
accounted for up to 25 percent of the total load from the hyrologic





















River Basin Group 5.1. River Basin Group 5.1 consists of two complexes,
from which only theGenesee River was monitored. The Genesee River
significantly increased in discharge between 1975 and 1976, as shown in
Table 11. Also, the discharge during both years was greater than the
historical average.








































































of soluble ortho phosphorus load in River Basin Group 5.1.





















































































































loads. Point source inputs accounted for a large percentage of the total

















































































































































































































































all areas except the Salmon Complex during water year 1975. Here a








































































the Oswego River suspended solids loads could be attributed to point
source inputs.
Nitrogen loads from River Basin Group 5.2 were also dominated by the
Oswego River. All the hydrologic areas in 5.2 had higher total nitrogen
and nitrate nitrogen loads in 1976 than in 1975. Ammonia nitrogen loads
were higher in 1976 except in the Salmon Complex, which had a very low
ammonia nitrogen load. Point source inputs accounted for a significant
portion of the total nitrogen load, as well as all the ammonia nitrogen
load from the Oswego River.
The Oswego River contributed large chloride loads to Lake Ontario,
and these loads increased between 1975 and 1976. In fact, the Oswego



















































































































































































































































































































































































































































































































































































































































































































































































































































































even larger percentage of the total.
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or lake—like widening of the river before reaching the Great Lakes.















































transported may be close to 100 over the long term (i. e., several years).
TABLE 14
TOTAL PHOSPHORUS DIFFUSE LOADS ASSUMING 50 AND 100 PERCENT
DELIVERY OF UPSTREAM POINT SOURCES
1975 (MT/YR)
 
Diffuse Load1 Diffuse Load2
Total River (50 % Delivery of (100% Delivery of
River Mouth Load Upstream Point Sources) Upstream Point Sources)
St. Louis 260 210 170







Saginaw 1200 890 640
Maumee 2600 2400 2200
Cuyahoga 790 620 510
Oswego 510 210 0
Fox 500 190 120
Diffuse Load = Total river mouth load minus (100% of downstream plus 50%
of upstream point sources).
Diffuse Load = Total river mouth load minus (100% of downstream plus 100%

















































part of subactivity 3-4 of U. S. Task D, PLUARG.
Diffuse Unit Area Loads
The results
(Table
















































of a diffuse unit
area load.

























































































































loads are highest in the Lake Erie basin, the thumb area of the Lake












basin anerake Michigan basin.










Suspended solids diffuse unit area loads generally follow the same
pattern as total phosphorus.
Highest unit area loads of suspended solids
were found for the Lake Erie basin, the thumb area of the Lake Huron basin,
and parts of Lake Ontario.
Interestingly, the Pine River and Carp River
draining from Michigan's Upper Peninsula also had high unit area load
rates for suspended solids.
Differences in unit area load rates appear
to reflect different characteristics of watersheds.
For example, those
watersheds that are rich in clay soils, such as found in the Lake Erie
basin, have high unit
area load rates.
A further discussion of the effect









































































































Upstream of a point 50 river kilometers (or major impoundments) from the river mouth
Downstream of a point 50 river kilometers (or major impoundments) from the river mouth
Table 15
EXAMPLE COMPUTER PRINTOUT OF UPSTREAM AND DOWNSTREAM













































































































































































































































































































































Types of Diffuse Sources
The diffuse load consists of inputs such as rural runoff, urban runoff,
combined sewer overflows, and base flow. In other words, the diffuse
load consists of the load not attributable to identified point sources.
Unfortunately, at this time it is not possible to accurately evaluate the
relative magnitudes of these various diffuse load components. However,
despite limited availability of information, some perspective can be
given to the importance of the diffuse load components at this time. This
will be discussed below.
Although urban runoff generallyhas been found to contribute
slightly more total phosphorus than agricultural runoff on a unit



















amount of rural land causes the rural or agricultural load to many
watersheds to be dominant. In a study done by the Ontario Ministry of
the Environment on the Canadian Grand River basin (Lake Erie) and the
Saugeen River basin (Lake Huron) (Van Fleet, 1977), preliminary results
indicate that urban runoff accounts for only one percent or less of the
annual total phosphorus loads. Agriculture, on the other hand, was
estimated to account for 70 percent or more of the total phosphorus
loads. In a study of many watersheds and subwatersheds in Erie and Niagara
Counties in the U. S. portion of the Lake Erie/Niagara River basin
(Wendel Engineers, 1977), urban runoff contributions of suspended solids
averaged about six percent of the total, while rural runoff averaged
approximately 90 percent. Combined sewer overflows averaged less than
one percent. Since total phosphorus loads would likely be correlated
with suspended solids loads, rural runoff would likely represent a more
significant source of total phosphorus for this area than w0u1d urban runoff.
The City of Rochester, New York, which is located near the mouth of
the Genesee River, represents one of the major urban areas influencing
water quality in Lake Ontario. In order to gain some perspective on the
potential suspended solids load associated with the area, a version of
U. S. EPA's Needs Estimation Model for Urban Runoff (NEMUR) (U. S. EPA,
1977), was used in conjunction with input from U. S. EPA Needs Survey data
to generate an urban load associated with a 90th percentile storm
(the magnitude of which is approximately 2 percent of the average annual
rainfall). This load, which includes contributions from both urban runoff






































a load of about 1.7 metric tons of total phosphorus is associated with
the storm. This load is less than one percent of the 1975 diffuse total
phosphorus load from the Genesee River. Consequently, although the above
calculations are extremely crude, and it is difficult to extrapolate the


















































































































































































































































































































































































phosphorus diffuse load in many areas.
































































































































































































































































































































































































































































































































































































have been representative measurements).



















































































































































































































































   
concern, and thus may underestimate the true load. In particular,
industrial inputs of nitrogen and chloride, which were given less emphasis
in this study compared to phosphorus and suspended solids, may be an
underestimate of the true industrial load. No industrial loads were given for
Lake Erie in the Lake Erie Wastewater Management Study (U.S. Army Corps of
Engineers, 1975).
Table 16 compares the Summarized municipal and industrial contributions
to U. S. Great Lakes tributaries. Based on these data, municipal sources
contribute far more phosphorus than industrial sources. This is not
unexpected, however, since only certain industrial operations are likely
to discharge phosphorus in significant quantities. Municipal sources
also appear to contribute more suspended solids than identified industrial
sources. High industrial suspended solids inputs, such as found for
parts of the Lake Superior drainage, are generally associated with
mining operations. While suspended solid discharges can be high, the
amount which reaches the Great Lakes may be low. Also, suspended solids
discharged from municipal treatment plants may consist of a large percentage
of volatile solids, which may be degraded before reaching the river mouth.
Thus, the suspended solids measured in point source discharges may be
physically different than that measured in tributaries. In future work
it might be useful to distinguish between suspended sediment and suspended
solids. Suspended sediments would be defined as that portion of the
suspended solids consisting of soil particles. Consequently, although
suspended solids point source discharge to tributaries may be high, the
suspended sediment component may be low. The effect of these discharges
on the Great Lakes is uncertain, especially relative to the suspended
solids (or suspended sediment) derived from land runoff.
Table 16 also summarizes point source loads for nitrogen and soluble
ortho phosphorus. Again, municipal inputs appear to be large compared
to identified industrial point source inputs. As discussed previously,
while it is believed that essentially all municipal plants with flow
greater than 0.1 mgd (2.82 x 10 ‘3 m /s) have beenidentified in the
Great Lakes Basin, some industrial plants could have been neglected due
to lack of available information. Nevertheless, it appears that for the
parameters considered, identified industrial sources are of no major
importance, with the possible exception of ammonia nitrogen. When
considering other parameters, such as heavy metals or other toxic substances,
industrial discharges could have a much more significant role.
Point source loads of chloride, including industrial inputs (Table 16 ),
do appear to be a significant fraction of the total tributary chloride load.
Large chloride inputs were identified for the Oswego River draining into
Lake Ontario, the Mineral River draining into Lake Superior, and the
Manistee River draining into Lake Michigan. Importantly, the Mineral
River and Manistee River industrial inputs were not based on discharge
monitoring data, but were determined by Subtracting an estimated diffuse
load (determined from appropriate annual diffuse unit area load rates)
from the total load. As discuSsed earlier, the Mineral River chloride load
is the result of discharge of brine from mining operations. The Manistee












































1975 TOTAL TRIBUTARY POINT SOURCE LOADS (mt/yr) FROM MUNICIPAL (M) AND INDUSTRIAL (I) PLANTS
Lake S
uperio













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































COMPARISON OF POINT SOURCE PHOSPHORUS INPUTS T0 LAKE ERIE TRIBUTARIES




















1 Corps of Engineers (1975)
Effect of Reducing Municipal Loads
Table 18 summarizes the reductions in phosphorus loadings to be
expected from various limitations of the phosphorus concentration in
This table assumes 100 percent delivery:
Total tributary loads are 1976
load estimates, with the exception of the 1975 Lake Erie data.
reductions in total loads are based on current flow from municipal plants.
However, it effluent flow increases due to population growth, the percent
reduction over current conditions obtained by the effluent limitations



















of point sources to the river m0uth.
could be less.
not included in Table 18.
105















AND GLBC (THIS STUDY)
  
1‘
It is clear from Table 18 that, given current flows from treatment
plants, the percent reduction in the tributary total phosphorus loads
to the Great Lakes that would be achieved by limiting phosphorus concen-
trations in municipal effluents to one milligram per liter is not
particularly great (the load reduction could be significant to local
stream segments, however). Further, reducing concentrations beyond one
milligram per liter will not have a major effect on total loads.
This
is particularly true for Lake Superior and Lake Huron. More detailed
information on costs projected for various phosphorus removal programs,
as well as detergent control programs, may be found in McClarren (1977).
TABLE 18
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Many rivers undergo dramatic changes in flow over a period of hours





















Since the Great Lakes Basin extends over a large geographical area,
the climate may vary considerably within the basin during the same year.
For example, within a given year one portion of the Great Lakes Basin can
suffer from a drought while another can experience unusually heavy
precipitation. Figure 1 compares the mean annual flows of two different
rivers for water years 1967 through 1976. The mean annual flows have been
divided by the mean historical flow for each river so that a direct
comparison can be made of each flow ratio. As can be readily seen from
Figure l , the Bad River and Grand RiVer (draining into Lake Superior and
Lake Michigan) respectively, can have similar or vastly different flow
trends. Both of these rivers show a substantial rise in discharge
between the years 1970 and 1974. During this period the flows are in
general above the mean historic flow which is indicated by a flow ratio
of 1.0. However, between 1973 and 1974 the Bad River decreased in flow,
while the Grand River experienced a dramatic increase in mean annual flow.
In order to compare a load from a tributary from any given year with
that from another year, the mean annual flow must be considered. Annual
decreases in load can occur as a result of decreased flow, while no
appreciable changes in water quality occur. For many rivers flow was
greater during water year 1976 than in water year 1975, and in a number
of instances there was an increase in load for the same period (see Table 7)-
Perhaps a more important factor to consider in evaluating loads
are the more short term fluctuations in flow. For example, a large
portion of the total annual discharge can occur during a runoff event.
Figure 2 presents the mean monthly variations in flow of the Grand River
and the Nemadji River (draining into Lake Superior near the Bad River)




































period, while the Grand River has a more gradual flow change over a
longer period. Characteristics of the watershed may greatly affect



















































































































































    
Aside from monthly fluctuations, daily or even hourly fluctuations
can be very important in many streams. A river that rises quickly can
potentially transport more sediment than one that rises gradually, as
velocities are often higher and overland runoff rates are usually greater. m
Individualities of stream discharge patterns must be remembered when 1
comparing loading results.
Variability of Concentration
It is well known that concentrations of chemical constituents may
vary with flow. The variance depends on the chemical constituent as
well as on the particular hydrologic characteristics of the tributary.
For example, total phosphorus concentrations may increase with flow, ‘
while total dissolved solids concentrations may decrease with flow.
Similarly, the extent with which these constituents vary with flow are
different for the Maumee River compared to the Grand River. Further,
within a given tributary, the nature of the flow event may greatly affect
the relationship between flow and concentration.
Based on the field data used in this study, it was obvious that for
some tributaries throughout the Great Lakes Basin the concentration of
certain parameters was flow dependent. Unfortunately, due to the relative
lack of concentration data during periods of high flow (except for Lake
Erie tributaries), information gained on flow-concentration relationships
was limited. '
Despite the scarcity of field data during periods of high flow,
some significant observations can be made. Figure 3 compares the
total phosphorus concentration measured in Wisconsin's Manitowoc River
(which drains into Lake Michigan) and Michigan's Muskegon River (which also
drains into Lake Michigan) during water year 1975. As can be readily
seen from Figure 3 , there are significant differences between the rivers
not only in concentration values, but also in the change in concentration
that occurs between any two data points. Total phosphorus concentrations
in the Muskegon River were very stable, never exceeding 0.05 mg/Z P
and never varying more than 0.02 mg/Z P between any two data points.
Total phosphorus concentrations in the Manitowoc River, on the other
hand, varied from 0.05 to 0.39 mg/£ P over the sampling period. Further,
between August 18 and September 10 the total phosphorus concentration
changed by over 0.3 mg/£ P.
There are many factors in addition to flow that may influence the
variability in concentration observed in Figure 3 . Point sources *
in a basin can discharge at various rates and at various times of the year.
Canning and food processing plants, for example, may only discharge
seasonally and some municipal operations, such as lagoons and spray
irrigation facilities, may discharge slugs of treated waste periodically.
Farming operations and the application of fertilizers and pesticides can
also cause seasonal fluctuations in concentration. Street litter may
also vary seasonally with seed and leave fall, which in turn affects







































 Perhaps one of the most significant factors, however, is the soil
texture and erodibility of that soil within a given basin. Overland
runoff is more prevelant on clay soils than sandy soils, since sandy
soils tend to have higher water infiltration rates. Referring back to
the rivers in Figure 3 , the Muskegon River drains a predominately
sandy basin while the soils of the Manitowac tend to be more clayey.
Consequently, the soil texture of the watersheds may explain, at least in
part, the variability in total phosphorus concentration as noted in Figure 3,
The soil conditions not only affectwhat is transported but the volume
of water that actually moves over the basin on a unit area basis. The
effect that soil texture has on a given basin will be discussed in more
detail in a following section.
Variability of Loads
 
When you combine flow and concentration to get a load, you are
combining the variable nature of those flows and concentrations. Because
of the variability, the calculated mean daily loads can vary by orders of
magnitude from one sampling day to another. For example, refer to
Table 19, which lists daily suspended solids loading data for the
Manitowoc River. While the mean annual flow for 1975 was substantially
less than for 1976, the load for 1975 was over four times greater than
for 1976. The primary reason for this difference is that in 1975 two
samples were taken during very high flows. Suspended solids concentrations
were also very highat these times. These two days accounted for 94 percent
of the sum of the daily loads calculated for the 19 days sampled. In
1976 the highest flow encountered on a sampling day was only about half
as great as the high flows encountered in 1975. Also, the corresponding
suspended solids concentrations were relatively lower for the high flows
in 1976 than they were for 1975. This example provides a good illustration
of the difficulty that can be encountered in accurately characterizing the
loads in streams from one year to the next, using a limited data base.
It should be noted, however, that not all streams encountered in this
study appear to be this difficult to characterize. Many rivers examined
show a remarkable stability in concentration, as was indicatedby the
Musekgon River in Figure 3. Generally, those rivers draining sandy
watersheds weremore stable both in terms of flow and concentrations. It
is important to realize that while the data in Table 19 indicates the
importance of sampling the Manitowac River during high flows, it may not
be necessary to sample all tributaries in the U. S. Great Lakes Basin
in this fashion.
Tributary Response Variations
In an effort to determine any correlations of concentration with flow,
linear regressions were run using total phosphorus and suspended solids data
from several tributaries for which there was conSiderable data. Slopes
and regression coefficients from these calculations are given in Table 20.
TABLE 19
MANITOWOC RIVER (WISCONSIN)
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 Example of Event Response Tributary — Nemadji River. Importantly,
the Grand River is an example of a group of rivers that are not greatly
affected by runoff events. An example of a river that undergoes more
dramatic concentration/flow changes is the Nemadji River, which drains
into western Lake Superior. A daily sediment station was established near
the mouth of the Nemadji in 1973, so that a good suspended solids data
base is obtainable for the last few years.
Table 23 contains a set of daily sediment data collected near the
mouth of the Nemadji. The data show that during a 15—day period in June
of 1975, concentrations and flows were extremely variable. Also, the
concentration of suspended solids generally increased with flow. The
computed daily sediment load also shown in Table 23 indicates the need
to sample for chemical constituents at various representative flows if
the annual loads are to be estimated for this tributary. The probability
of not collecting representative samples if the sampling program
consisted of one sample per month on the first of the month would be
relatively high. Consequently, such limited data would lead to inaccurate
estimate of the load.
Interestingly, the Grand River is one of the largest tributaries
to the Great Lakes, while the Nemadji River is relatively small. In fact,
the watershed of the Nemadji is less than 10 percent of the watershed
area of the Grand River. Nevertheless, the estimated 1976 suspended
solids load from the Nemadji, 71,000 metric tons, is almost 50 percent
of the load estimated for the Grand River. On a unit area basis, the
Nemadji watershed contributed 550 kg/ha-year, while the Grand River
contributed only 98 kg/ha—year.
TABLE 21
GRAND RIVER TOTAL PHOSPHORUS AND SUSPENDED SOLIDS LOADS
CALCULATED BASED ON DAILY SAMPLING AND A MONTHLY SUBSET
OF THESE SAMPLES (DURING WATER YEAR 1976)
Metric Tons/Yr
Total Phosphorus Suspended Solids
All Samples (212) 840 150,000
Samples from First 710 102,000
of Month Only (10)
118
 TABLE 22
AVERAGE ANNUAL TOTAL PHOSPHORUS AND SUSPENDED SOLIDS
CONCENTRATIONS MEASURED NEAR THE MOUTH
OF THE GRAND RIVER SINCE 1963
  
HAIEEIXEAB AVERAGE SUSPENDED NO. gg AVERAGE TOTAL N0. QE







1968 15.0 17 .204 7
1969 18.5 13 .247 13
1970 16.2 12 .263 12
1971 14.5 10 .175 10
1972 17.6 12 .186 12
1973 21.1 7 .170 7
1974 17.2 8 .180 8
1975 16.4 7 .167 9






252$ Mgéﬂ Mﬁéﬂ EEDIMENT
DISCHARGE CONCENTRATION LOAD
EEEYE37EI ~_—_EE7I_~___ MetriE7ISh/Day
6/11/75 112( 3.17) 15 4.1
6/12/75 772(21.86) 610 2,585
6/13/75 2,560(72.50) 1,070 7,220
6/14/75 1,330(37.67) 302 980
6/15/75 l,100(31.15) 722 2,304
6/16/75 1,520(43.05) 646 2,594
6/17/75 895(25.35) 145 329
6/18/75 650(18.41 94 151
6/19/75 536(15.18) 72 95
6/20/75 440(12.46) 63 67
6/21/75 617(17.47) 646 1,179
6/22/75 1,310(37.10) 801 2,703
6/23/75 803(22.74) 146 291
6/24/75 533(15-09) 101 133
6/25/75 407(11.53) 77 77
1975 Mean Daily Flow = 437 cfs (12.38 m3/s)































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































River Basin Group 1.1
   














































































important and related to soil texture, is certainly not exclusively
responsible for nonvpoint source problems as may beimplied by some
investigators. For example, the Nemadji River watershed is heavily
forested, yet produces relatively large unit area loads of suspended solids.
Soil maps showing the predominate texture of surface soils have been
prepared for all U. S. river basin groups. These maps will be presented
in the report on Subactivity 3—4 of the U. S. Task D, PLUARG. In addition,
information as to the percent of the different soil textures in individual
watersheds has been digitized, and the information has been computerized.
An example of this type of information stored is given in Table 24
Note that in addition to soil texture, information is available on other
factors such as watershed area, flow (both current and the historical
mean) and erodibility (K factor). It is intended that this data, along
with loading information, also computerized, will be analyzed for
statistical correlations and other relationships. The results of this
analysis will also be reported as part of Subactivity 3—4 of U. S. Task D,
PLUARG.
Recommended Sampling Strategy for Stable Response Versus Event Response Streams
It is clear that rivers behave in very different ways and that
precipitation events can have substantially different impacts on the total
river mouth loads. As a result of flow, concentration and load trends
observed in this study, it is felt that for the purpose of calculating
loads not every stream needs to be sampled routinely during runoff events.
By examining watershed characteristics, including (but not limited to)
surface soil textures, it is believed possible to predict whether an
event response or stable response can be expected. Where possible,
however, limited sampling during one or more runoff events, particularly
during spring, would provide further and more definitive information on
whether routine event sampling is necessary to characterize the annual
load. The cost of event sampling is obviously prohibitivein many cases,
but fairly precise sampling strategies can still be established at a
minimal cost by interpreting existing data. For example, in the western
half of the lower peninsula of Michigan, almost every stream examined
behaves in a manner similar to that of the Grand River. This would
indicate that these tributaries can be sampled on a monthly basis (as
is currently the case) to obtain an adequate estimate of tributary loadings.
In northwestern Ohio streams draining into Lake Erie are clearly event
response streams and require extensive sampling to accurately characterize
their loads, as the Lake Erie Wastewater Management Study (Corps of
Engineers, 1975) has demonstrated.
On many streams in which concentration remains fairly stable,
sampling over several years on a monthly basis may produce representative
data which can be used to calculate loads for future years. In order to
verify this point, the 1976 load of suspended solids was computed using
the ratio estimator method (the mean annual flow based on continuous
gaging was used to adjust the load) from 212 measurements of suspended










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Wisconsin Department of Natural Resources (1977). "Manitowac River Basin
Report," Appendix B, Point Source Information, Madison, Wisconsin, 46 pp.
Wisconsin Department of Natural Resources (1976) "Southeastern Wisconsin River
Basins — A Drainage Basin Report," Madison, Wisconsin, 135 pp.
Wisconsin Department of Natural Resources (1975). "Water Quality Management
Basin Plan for the Rivers of the Northwest Shore of Lake Michigan,"
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